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LOOKING AHEAD 


Unless otherwise indicated, all events take place in London. B.C.A.C., British Conference 
on Automation and Computation. B.C.S., British Computer Society. Brit.I.R.F., British 
Institution of Radio Engineers. 1.C.E., Institution of Civil Engineers. 1.Chem.E., Institution 
of Chemical Engineers. 1.E.E., Institution of Electrical Engineers. 1.Mech.E., Institution 
of Mechanical Engineers. I.Prod.E., Institution of Production Engineers. I.S.A., Instru- 
ment Society of America. R.Ae.S., Royal Aeronautical Society: S.B.A.C., Society of 
British Aircraft Constructors. S.1.T., Society of Instrument Technology. 


FRIDAY 7—SATURDAY 29 JULY 

Russian Trade Fair. Earls Court. Details: 
Industrial and Trade Fairs Ltd, Drury House, 
Russell St, Drury Lane, W.C.2. 


TUESDAY 11—FRIDAY 14 JULY 

Conference on Optical instruments and tech- 
niques. Details: Prof. W. D. Wright, Technical 
Optics Section, Imperial College, S.W.7. 


SUNDAY 16—FRIDAY 21 JULY 

4th International Conference on Medical 
electronics at the Waldorf-Astoria, New 
York. Sponsors: I.R.E., A.LE.E., LS.A. 
Details: Institute of Radio Engineers, 1 
East 79th St, New York City, N.Y., U.S.A. 


TUESDAY 1—SATURDAY 12 AUGUST 

Sydney Trade Fair, Sydney, N.S.W., Aust- 
ralia. Details: Press Office, Commonwealth 
House, New Oxford St, London, W.C.1. 


THURSDAY 10—WEDNESDAY 16 AUGUST | 
Fifth International Congress of Biochemistry. 
Moscow. 


SUNDAY 20—WEDNESDAY 23 AUGUST 
First International Congress on Ergonomics. 
Stockholm. Details: Dr S. Forssman, Swedish 
Employers’ Confederation, S. Blasieholms- 
hammen 4a, Stockholm 16, Sweden. 


World Traffic Engineering Conference. Wash- 
ington. Organizers: International Road Feder- 
ation, 1023 Washington Bldg, Washington 5, 
D.C., U.S.A. 


WED. 30 AUGUST—WED. 6 SEPTEMBER 
Annual Meeting, British Association for the 
Advancement of Science. Norwich. Details: 
Secretary, B.A.A.S., 19 Adam St, Strand, 
London, W.C.2. 


MONDAY 4—FRIDAY 8 SEPTEMBER 

Rutherford Jubilee International Conference. 
Details: L. J. B. Goldfarb, Physics Dept, 
University of Manchester, Manchester, Lancs. 


MONDAY 4—SATURDAY 9 SEPTEMBER 

3rd International Session of the International 
Association for Analogue Computation. 
Belgrade, Yugoslavia. Detaits: Yugoslav 
Committee for Etan, Terazije, 23/VII, Bel- 
grade, Yugoslavia. 


MONDAY 4—SUNDAY 10 SEPTEMBER 

S.B.A.C. Flying display and _ exhibition. 
Farnborough. Details: S.B.A.C., 29 King 
St, St James’s, London, S.W.1. 


TUESDAY 5—FRIDAY 8 SEPTEMBER 
An international conference on Machine 
translation of language and applied language 
analysis. National Physical Laboratory, Ted- 
dington, Middlesex. Papers to Dr A. M. 
Uttley, Autonomics Div., N.P.L. 


National Inspection Conference (jointly with 
National Committee on Non-destructive 
Testing). New College, Oxford. Details: 
Institution of Engineering Inspection, Grand 
Bidgs, 616 Trafalgar Sq., London, W.C.2. 


WEDNESDAY 6—FRIDAY 8 SEPTEMBER 
International Symposium on Transmission 
and processing of information. Massachusetts 
Institute of Technology. Submission of papers 
is invited. Details: R. M. Fano, R.L.E., M.L.T., 
Cambridge, 39, Mass., U.S.A. 


Joint Nuclear Instrumentation Symposium. 
North Carolina State College, Raleigh, N.C., 
U.S.A. Sponsors: ILS.A., A.I.E.E., I.R.E. 
Details: Meetings Manager, I.S.A., 313 Sixth 
Av., Pittsburgh, 22, Pa, U.S.A. 


MONDAY 11 SEPTEMBER 

20th International Congress of Navigation. 
Baltimore. Details: Permanent International 
Association of Navigation Congresses, 60 
rue Juste Lipse, Brussels, Belgium. 


MONDAY 11—WEDNESDAY 13 SEPTEMBER 
Fifth International Congress of the European 
Organization for Quality Control. Turin, Italy. 
Details: European Organization for Quality 
Control, Weena 700, Rotterdam, Holland. 


MONDAY 11—FRIDAY 15 SEPTEMBER 

I.S.A. Instrument-Automation Conference 
and Exhibition and LS.A.’s 16th Annual 
Meeting. Memorial Sports Arena, Los 
Angeles, Calif., U.S.A. Details: Wm H. 
Kushnick, 1.S.A., 313 Sixth Av., Pittsburgh, 
22, Pa, U.S.A. 


Third International Congress on Cybernetics. 
Namur, Belgium. Details: Association Inter- 
nationale de Cybernétique, 13 rue Basse- 
Marcelle, Namur, Belgium. 





MONDAY 18—FRIDAY 22 SEPTEMBER 
Symposium on Network theory. Cranfield. 
Details: S.R. Deards, Department of Electrical 
and Control Engineering, The College of 
Aeronautics, Cranfield, Bletchley, Bucks. 


MONDAY 25—SATURDAY 30 SEPTEMBER 
International Conference on Magnetism and 
crystallography. Kyoto, Japan. Details: Organ- 
izing Committee, Science Council of Japan, 
Ueno Park, Tokyo, Japan. 


TUESDAY 26 SEPTEMBER—FRIDAY 6 OCTOBER 
International Heating, Ventilating and Air- 
conditioning Exhibition. Olympia. (A con- 
ference will run concurrently from Wednesday 
27 September — Wednesday 4 October.) 
Sponsors: Institution of Heating and 
Ventilating Engineers. 


WEDNESDAY 4—THURSDAY 12 OCTOBER 
Second Electronic Computer Exhibition and 
Symposium, London. tails: Mrs S. S. 
Eljiott, 64 Cannon St, E.C.4. 


THURSDAY 5—FRIDAY 6 OCTOBER 

Two-day export conference. Details: C. G. E. 
Parrot, Overseas Div., B.E.A.M.A., 36 
Kingsway, W.C.2. 


THURSDAY 19 OCTOBER 

The Thomson Lecture. An annual lecture on a 
eneral subject has been inaugurated by the 

SLT. The first, at 6 p.m. at the Royal Institu- 

tion, is to be given 6 Sir George Thomson 

after whom the series is named. (S./.T.) 


LOOKING FURTHER AHEAD 


WEDNESDAY 8—FRIDAY 10 NOVEMBER 
Conference on Non-destructive testing in 
electrical engineering. (1.E.E.) 


MONDAY 13—SATURDAY 18 NOVEMBER 
Second Engineering Materials and Design 
Exhibition and Conference. Earls Court. 
Details: J. Brewster, Commonwealth House, 
New Oxford St, W.C.1. 


International Factory Equipment Exhibition. 
Earls Court. Details: J. Brewster, Common- 
wealth House, New Oxford St, W.C.1. 


WEDNESDAY 17—THURSDAY 18 JANUARY 1962 
A symposium on Electronic aids to banking, 
under the aegis of B.C.A.C. Details: 1.E.E. 


FRIDAY 16—TUESDAY 20 FEBRUARY 1962 
Salon Internationale des Composants Elec- 
troniques. Parc des Expositions, Porte de 
Versailles. Details: S.D.S.A., 23 rue de 
Lubeck, Paris 16e, France. 


MONDAY 30 APRIL—FRIDAY 4 MAY 1962 


Second International Compressed Air and ° 


Hydraulics Exhibition. Olympia. Details: 
W. G. H. Chesher, St Richard’s House, 
Eversholt St, N.W.1. 


TUESDAY 8—FRIDAY 18 MAY 1962 

Mechanical Handling Exhibition. Earls Court. 
Details: H. A. Collman, Dorset House, 
Stamford St, S.E.1. 


WEDNESDAY 20—TUESDAY 26 JUNE 1962 

Third Congress of the European Federation of 
Chemical Engineering. lympia. Details: 
The General Secretary, Society of Chemical 
Industry, 14 Belgrave Sq., S.W.1. 


TUESDAY 14—THURSDAY 16 AUGUST 1962 
Conference on Standards and electronic 
measurements. Boulder Laboratories of the 
National Bureau of Standards. Details: 
J. M. Richardson, Radio Standards Labora- 
tory, National Bureau of Standards, Boulder, 
Colo., U.S.A. 


THURSDAY 15—TUESDAY 20 OCTOBER 1962 
International Congress and Exhibition of 
Laboratory, Measurement and Automation 
Techniques in Chemistry (Ilmac). Swiss 
Industries Fair, Basle, Switzerland. Details: 
M. Trottmann, Foire Suisse, d’Echantillons 
Basle, Switzerland. 
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The wrong sort of competition 


HE electronic box is often full of the most 
splendid tricks, but the ordinary man can no 
longer guess its function just by looking at it. 
This may be all for the best in the longrun. Character- 
less blocks, perhaps differentiated only by numbers, 
will certainly please the standards engineers, though 
the greatest delight will probably be enjoyed by 
those electronics specialists who revel in secrets, 
mysteries and private jargon. Not that electronics 
specialists are the only ones who relish conceal- 
ment. Many plant people are obstinate obscurants, 
guarding jealously not gnly the details of what they 
do but also their ignorance of exactly how their 
processes work. Somehow, where electronic boxes 
are intended for application to process control, their 
contrivers will nevertheless have to acquire some 
understanding of process control problems. Equally, 
process control engineers must try to penetrate the 
communication barrier around electronics. Middle- 
men or interpreters are not to be encouraged be- 
cause they usually understand too little of either 
side to be useful. 

Many present-day suppliers of industrial process 
control equipment are primarily electronics firms 
trying to find new outlets. These suppliers include 
the aircraft manufacturers, whose original market 
has shrunk catastrophically in recent years. Having 
amassed knowledge of electronics, communications, 
and servo-mechanisms, they extrapolate a bit and 
talk about process control as if they understood it: 
but their words often betray their quite under- 
standable unfamiliarity with what is involved. 
This can raise serious obstructions between the 
newcomers and the down-to-earth process men. 
Quite recently, representatives of a well known 
supplier attempted to interest an equally well 
known oil company in a device which was intended 
to solve a relatively simple plant problem. The 
representatives’ preoccupation with the ingenuity 
and excellence of the device, and their correspond- 
ing lack of understanding or real interest in -the 
plant problem, caused their welcome to be brief. 

Yet the newcomers are well supplied with ideas, 
resources and determination—and they are pub- 
licity-conscious. Their successes in industrial instru- 
mentation may be few to date, but the present diffi- 
culty of communication through the electronic 


CONTROL July 1961 


CONTROL 


barrier is being turned to advantage. The esoteric 
nature of electronics is proving a temporary asset, 
for this itself confers a cachet commanding faith 
and respect. The word ‘electronic’ has swiftly 
¢ome to mean ‘ much too clever for you to under- 
stand’, and it is regularly used to romanticize 
equipment that would more properly be called 
* electric ’. 

The traditional instrument firms, perhaps rather 
baffled by what is going on, take refuge in their 
established fields. ‘ We have always supplied the 
such-and-such industry’, they say, ‘and it is 
expanding and very pleased with what we have 
done ’. Their achievement is undoubtedly real, but 
no one knows about it outside the small circles 
directly affected. Thus the traditional firms are as 
much damaged by their reticence as others are by 
their pretentiousness. 

Electronic-box makers often have the good sense 
to be systems engineers as well, and in this capacity 
they turn to established instrument people for 
much of the basic measuring equipment, and also 
(one would guess) for their applicational know-how. 
In this way the instrument firms may be led into a 
subsidiary role as subcontractors, losing the benefit 
of their hard-earned experience as well as their 
slowly-won reputations. Perhaps it would be better 
for things to happen the other way round; but it 
is difficult to imagine a classical instrument firm, 
of the sort that has recently and only very reluct- 
antly used its first electronic valve because it could 
not measure pH without it, seeking advice from an 
‘ upstart ’ electronics business. 

The newcomers have the very real advantage that 
they can look at a problem as a whole, while the 
traditional people still tend to think in terms of 
building up from individual instruments and con- 
trol loops. Also, where a firm has emerged from the 
aircraft industry, it is likely to be well versed in the 
techniques of miniaturization and fully aware of 
the importance of reliability. The ultimate solution 
will probably lie in amalgamation of one kind or 
another, and something of the sort has already taken 
place in a few cases. We hope that this trend will 
not work to the detriment of the traditional com- 
panies, for they still have a considerable contribu- 
tion to make. 













































































































































































VIEWPOINT 


automatic control and now Dean of Engineer- 
ing at Saskatchewan University, thinks that 
control not only stimulates inter-disciplinary 


activity, but has far reaching effects... 


There are few more pressing problems in science and 
technology than the need to increase collaboration 
between pure scientists on the one hand, and applied 
scientists on the other. Indeed, the cross-fertilization 
of academic disciplines may result in a potential 
growth and application of knowledge far surpassing 
even the spectacular achievements of science and 
technology during the past two decades. Perhaps this 
is because the labile fringe of knowledge is likely to 
be more highly activated in the inter-disciplinary 
regions. Clearly, such broad programs of study are 
the life-blood of the universities. 

Control technology appears to me to occupy a key 
position in fostering inter-disciplinary activities of this 
kind. There is nothing new in this viewpoint since, 
rather more than ten years ago, Professor Arnold 
Tustin was already applying feedback control con- 
cepts to the development of economic models, with 
far-reaching results, and Professor Norbert Wiener 
had already published Cybernetics. The fundamental 
mechanism, the common denominator, which char- 
acterizes the economic, physiological, psychological, 
and other models is essentially feedback. Allied is 
the ‘ prediction’ process, fundamental in the opera- 
tion and control of a process or biological entity, in 
the presence of a stochastic (not necessarily ergodic) 
many-variable environment. 

However, in spite of increasing emphasis on the 
‘fringe areas’, the fact remains that the majority of 
control technologists, even those in the universities, 
do not appear to be particularly interested in col- 
laborating with disciplines outside technology and 
the physical sciences. Moreover, I have found that 
the initiative usually rests with the control technolo- 
gist in the initiation of the study of inter-disciplinary 





Professor Arthur Porter, British pioneer of 


BEYOND THE FRINGE 


problems. This is not surprising because compara- 
tively few scientists and technologists, let alone 
specialists in other disciplines, appear to be aware of 
the fundamental and indeed ubiquitous nature of 
control. 

My experience at the University of Saskatchewan, 
where a joint program of research involving the 
medical and engineering schools was started in 1958, 
has suggested that a new technology—we call it bio- 
medical engineering—is a logical development. The 
majority of the projects which have been undertaken 
deal essentially with control technology and instru- 
mentation. As a result of the successful completion 
of several projects, some quite highly complex, the 
prestige of the control technologists in the University 
Hospital is at a high level. In such collaborations 
the important initial objectives are twofold: first, to 
develop useful and reliable equipment, perhaps for 
the solution of ad hoc problems, thereby inducing 
confidence in the minds of the medical scientists, 
and secondly, to obtain a satisfactory degree of 
mutual understanding of language. 

However, the place of control technology in inter- 
disciplinary activities reaches beyond the mere 
stimulation of collaboration between the applied 
sciences, and the basic concepts of feedback and 
self-organization are universal. Indeed, the process 
of education itself may be discussed in terms of con- 
cepts such as feedback, conditioning and self-adapta- 
tion, and information processing. Perhaps even in 
this field the control technologist will have something 


useful to contribute. 
Quai a 
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LETTERS 


to the EDITOR 


Managing control engineers 


SIR: Mr H. G. Conway's Viewpoint,” 
‘Managing the Control Engineer, 
touches a very tender spot in the 
design of modern electrical and elec- 
tronic ‘control gear. Component 
design, by the specialist firms, is often 
very good; whilst overall design of 
complete elements or systems is often 
very sketchy. 

After the brainy young men have 
produced a good bread-board model 
performance, it falls to someone else 
to “ engineer ™ it for production, con- 
sistency of performance, accessibility, 
durability under (often shockingly 
difficult) working conditions, &c, and 
to link it up effectively with a lot of 
more or less heavy engineering plant. 

The originator is not likely to be of 
much effective help here. He will 
rarely be prepared to supervise the 
engineering design, to sign the detail 
product drawings as ‘Approved for 
Manufacture ’, and take the responsi- 
bility for the individual performance 
of the bulk product. 

The older generation of design 
engineers and draughtsmen had their 
workshop, erection, and test bed ex- 
perience, and knew their stuff. 

A different kind of experience is 
needed on the part of engineers and 
draughtsmen doing lay out and detail 
design work to make a sound job of 
the engineering design of electronic 
gear. 

Do they get enough practical ex- 
perience in model shop, test room, or 
experimental lab. work, the equivalent 
of the shop experience of the older 
type of engineering draughtsman ? 

Two things seem to be indicated 
as a treatment for these growing 
pains:— Management must cultivate 
a full appreciation of the nature of 
technical problems, even if not com- 
petent in their solution. 

The young control engineers—and 
their physicist teachers—must realise, 
firstly that research and experiment 
only provide the raw material for 
design; and secondly, that this latter 


* Control, April 1961, p. 78.—eprror 
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activity needs men ‘of at least equal 
human and intellectual calibre, if the 
research work is to develop properly. 
London, N.W.2 HUGH CLAUSEN 


Laplace transforms 


SIR: In our recent correspondence 
with S/Ldr Flegg in your columns, 
there has been a tendency for the 
discussion to begin at too high a stage 
of development, with too much taken 
for granted. In this situation we pre- 
fer to reconsider very carefully 
fundamental ideas we think we have 
always known and understood, rather 
than develop new and more elaborate 
ideas and techniques. Such recon- 
sideration suggests that the main 
point as issue is not what the lower 
limit of the definition integral of the 
Laplace transform should be, nor 
even whether there should be an 
extra s, but whether it is necessary to 
use transforms at all. 

In electric circuits, the fundamen- 
tal fact is that if a current / is applied 
to a capacitance, the effect or output 
voltage is obtained by integration of 
I over all relevant time up to the 
present. The word ‘relevant’ must 
be interpreted with due regard to 
leakage, however small; the whole 
process might briefly be described as 
‘integration with memory’. Likewise 
if 7 is applied to an inductance, the 


effect is differentiation, and if it is 


applied to a resistance, the effect is 
multiplication. In a simple LR circuit, 
the total output voltage resulting from 
a current 7 is Lc’/dt + RI and this 
is expressed in impedance language 
as (pL + R)I, which so far is a 
mere shorthand for L di/dt + RI. 
Let us not be confused by symbols; 
this pL + R is simply an instruction 
to perform a certain calculation—in 
this case differentiation of /, multi- 
plication’ of the derivative by L, and 
adding the result to R times / itself. 
We know what is required for each 
stage of this calculation, and there is 
no difficulty in carrying it out. 
Now, however, let us consider from 
first principles what happens when a 
voltage V (varying arbitrarily with 






time), instead of a current, is applied 
to our LR circuit. By classical 
methods it can be shown that the 
resulting current / is given by 


I eft “| VO) ®VE gd L 


[rare (t AyR LANL (1) 


In impedance language, / is 
naturally expressed as V/(pL + R); 
as before, 1/(pl. + R) is merely an 
instruction to perform a_ certain 
calculation with V, and that is all. 
But as 1/p denotes complete integra- 
tion of all values of the integrand 
up to time ¢, the middle member of 
Equ. (1) can be-simply expressed in 
impedance language, and we have 

1 


[= V e~ Rt I {V(t) e® L\ (2) 
‘ pL 


pL+R 
Further, since all operations are 
linear and 

piety} = e*(p+a)y (3) 
Equ. (2) could be derived directly and 
easily without going back to classical 
methods to find an interpretation for 
the instruction |/(pL + R). 

The last member of Equ. (1) indi- 
cates that J is obtained as a kind of 
weighted average of the values of V 
at time f¢ and times immediately pre- 
ceding, where the weighting factor 
exp {—(t—A) R/L} has the value unity 
when A = ¢ and decreases exponen- 
tially as the variable of integration A 
recedes into the past. 

Now the purely algebraic technique 
of splitting the quotient of two poly- 
nomials (where the denominator is of 
higher degree than the numerator) 
into partial fractions can be used to 
express the output of a complicated 
circuit with lumped elements as the 
sum of a number of terms similar to 
I above (or, at worst, having an 
exponential weighting-factor with 
complex argument, but still decreas- 
ing as A recedes into the past for a 
passive network). This involves no 
transforms, but only direct integra- 
tion of exponential multiples of the 
input. Such integration can be per- 
formed explicitly if the input is the 
product of any exponential factor 
with a step or impulse, and in more 
difficult cases can usually be done by 
standard techniques of numerical in- 
tegration such as Simpson’s Rule. 

The above remarks suggest* that it 
is possible to solve many circuit prob- 
lems (especially where the input wave- 
form is awkward, as in the case of 
frequency modulation) without the 
use of transforms at all, and indeed 


* J. W. Head & C. G. Mayo. “The Response of 
a Network to a Frequency-Modulated Input 
ee L.E.E. Monograph No. 305R, May 
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Letters to the Editor 





that unthinking and excessive use of 
transform techniques may be as un- 
desirable as the use of logarithms to 
multiply 2 X 2. 
C. G. MAYO, M.A., B.SC., M.1.E.E. 
J. W. HEAD, M.A. F.INST.P. 


B.B.C. Research Dept. 


SIR: I have been following the argu- 
ments of S/Ldr. Flegg with much 
interest, albeit with increasing be- 
wilderment. In his letter published 
in the April issue of Control, I cannot 
fail to agree with his opening 
sentence; it made me remember an 
utterance by the hard-pressed Chair- 
man of a war-time Air Ministry Con- 
ference—“ Some people cannot resist 
a really juicy side-issue ”. 

At the risk of being included as 
one of those in the above category, 
I would venture to suggest that S/Ldr. 
Flegg is on perilous ground in his 
discussions relating to the time epochs 
0 —, 0, 0+. His first mention of a 
time epoch refers to a unit impulse 
(Dirac function &(t)) condensed at 
t= 0+. He goes on to point out the 
advantages (as Heaviside did some 
seventy years ago) of using unit func- 
tion in preference to the “ physically 
unrealisable unit impulse ”. But later, 
in dealing with points raised by 
Messrs. Head and Mayo, S/Ldr. 
Flegg, who supports the adoption of 
0+ as the lower limit of the Laplace 
definition integral, proposes the adop- 
tion of the unit function with the 
values 


o:><¢ 
+;72=0 
is tao+ 


It must however be remembered 
that the impulse function (which is 
normally regarded as the time deriva- 
tive of the unit function) correspond- 
ing to this classic definition of unit 
function is condensed at ¢ = 0, and it 
follows, from the well known proper- 
ties of (1), that 


[je * d(1) dt= 0 
0 


We have therefore an inconsistency, 
since, with the proposed lower limit 
of 0+, the Laplace transform of the 
unit impulse is zero. For the correct 
value, unity, we require the maximum 
lower limit of the definition integral 
to be 0 -. 

If we revert to the impulse func- 
tion mentioned earlier in S/Ldr. 
Flegg’s letter, with epoch t = 0+, we 
have 


[ena —0+)dt=4 
0+ 






which is again inconsistent. Here the 
maximum lower limit should be zero. 

It is true, that so far as unit func- 
tion is concerned, the Laplace trans- 
form 


[e **H(t) dt (where H(t) is unit function) 
a 

tends to the value of 1/s whether the 
lower limit of integration is O—, 0, 
or 0+. But, in order to make trans- 
form theory intelligible, must not the 
lower limit of integration be chosen 
to avoid inconsistencies in dealing 
with time derivatives? If the unit 
function given by S/Ldr. Flegg is to 
be the norm, the lower limit of the 
definition integral must surely be 0 —; 
this requirement applies both to the 
habitual and to the “ s-multiplied ” 
Laplace transform. 

Surely the simple way of avoiding 
inconsistencies of this kind is to 
choose a lower limit of -«. This, 
recommended by Messrs. Head and 
Mayo, is in line with van der Pol’s* 
procedure in his treatment of the 
double-sided (“‘ s-multiplied ”’) Laplace 


transform. W. PROCTOR WILSON 
GROUP CAPTAIN, C.B.E., 
B.SC.(ENG.), F.C.G.1., M.1.E.E. 

Epsom Downs, Surrey 


Pounds and pounds 


SIR: On reading Mr. J. B. Har- 
grave’s* letter in your May issue, in 
which he refers to mine which ap- 
peared in Control, February, 1961, I 
began to feel that I had come across 
a new version of “Alice in the Look- 
ing Glass ” because things were going 
backward where they ordinarily go 
forward! Newton teaches us that 
force causes acceleration but Mr. 
Hargrave tells us that force is 
produced when a body is acted 
upon by an acceleration. May I 
ask what produces the acceleration 
that produces the force? This striking 
reversal may, of course, be a result 
of “getting his ideas on engineering 
units straight from the moment of 
entering college ” or perhaps of being 
“reared on” slugs. 

However, leaving aside these funda- 
mental notions as being quite unim- 
portant, may I make the following 
specific points. 


1. J did not throw in 32:2 as he 
says. Whether we like it or not, it 
is there, due in part to the size of 
our planet and in part to the 
arbitrary magnitude of the foot and 


* * Operational Calculus based on the Two-sided 
Laplace Integral’, van der Pol and Bremmer 
(Cambridge University Press, 1950). 

t We apologize for printing Mr. Hargrave’s name 
as ‘ Hargreave’ in the May issue — EDITOR 





second. Some people hide it inside 
the slug but if they think they have 
disposed of it, they are fooling 
themselves. 

2. An arresting “ exposure” made 
by Mr. Hargrave is that “g” is 
just an acceleration! Really, some 
people can claim to have known 
that even before they went to col- 
lege. 

3. Mr. Hargrave is quite mistaken 
when he says that the Stroud 
system (I claim no originality for 
it) gives the wrong answer for the 
specific impulse of a fuel because 
nothing could be further from the 
truth. 


It may be that owing to the brevity 
of my letter, the full import of the 
Stroud system is not clear to Mr. 
Hargrave. If so he will find it ex- 
pounded at greater length in the ref- 
erences given below but I think there 
is a different explanation for his ob- 
jections. It is that Mr. Hargrave is 
one who has adopted the slug to the 
exclusion of other units and is un- 
willing to consider the merits of 
alternatives. In that case I agree with 
him that he should stick to it. The 
greater merit of the Stroud system is 
that it is equally effective with all 
units or, indeed, any combination of 
them but if a man can always get the 
right answer by one method known 
to him, bless him, let him keep to it. 
For those who wish for a better 
understanding and confidence in the 
use of any units, there is a complete 
answer in the Stroud system. 

Cc. H. HELMER 
Southampton University 
References 
Engineering, 19th March 1948, p. 280. 
Bulletin of Mechanical Engineering Education 


(Manchester College of Science and Technology) 
No. 5, July 1954, p. 53. 


“Engineering Units and the Stroud Convention”’. 
Thorn & Walshaw (Blackie). 


SIR: I would take sides with Mr. 
Hargrave* against Mr. Helmert in 
argument for the slug and preference 
for the general g as against the par- 
ticular 32°2 ft/s?, but I think protest 
is called for when Mr. Hargrave 
writes: “The weight of a body is the 
force produced when it is acted upon 
by some acceleration.” This would 
perhaps be on the verge of acceptable 
if “inertia” were substituted for 
“weight”, but it would still be very, 
very loose. Acceleration is the effect 
caused by force, and cannot be said to 
“act” upon matter to produce force 
—and certainly not that particular 
force which is due to gravitation. 

London, N.W.3 R. E. PETERSON 


* Letters, May, p. 80.—eDITOR 
t Letters, February, p. 83.—eprror 
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High reliability must be paid for, and both designers and users must 
recognize their respective responsibilities. It is not good enough to 
wait until a late stage and then review a design with reliability in 
mind. Nor should users forget that it is much easier to write specifi- 


cations than meet them 


instrumentation 
and reliability 


by R. E. FISCHBACHER B.Sc., A.R.C.S.T., A.M.LE.E. 
British Scientific Instrument Research Association 


THE SUBJECT OF RELIABILITY HAS ALWAYS BEEN AN 
important one: recently it has also become fashionable. 
Conventions are held in its honour and a great deal of 
literature has been devoted to it. In particular, a flood 
of invaluable but somewhat indigestible statistics has 
been loosed upon us. It is not the intention of this article 
to add to the statistical spate but rather, assuming that 
the lesson of component fallibility is being taught else- 
where, to focus attention on some of the peripheral 
matters which should exercise the user and the designer 
of instruments. 

Reliability is, of course, of great concern to all who 
are engaged on instrumentation and control. Equipment 
must be ‘reliable’, but without further definition the 
term is more emotional than logical. It varies in signifi- 
cance according to context. If your car fails to start 
once in every thousand attempts you may regard it as 
inconvenient, but probably not as particularly unreliable. 
On the other hand, if the brakes fail once in every 
thousand applications you may feel inclined to transfer 
your patronage to public transport. 

In determining the reliability of a piece of equipment 
the engineer will want to know the answer to several 
questions. Over what period of time? Under what con- 
ditions of use? With what degree of assurance? So 
reliability is usually defined in statistical terms. One 
definition suggests that reliability is: The probability 
that a specified product will operate within specified 
performance limits for a specified period of time, assum- 
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ing specified maintenance. On this basis reliability can 
be specified numerically in a given set of circumstances. 

Toward the end of World War II a great deal of 
attention was focused on the question of reliability, 
particularly in relation to electronic equipment. Since 
then a vast amount of money has been spent on investi- 
gation and improvement of the reliability of components. 
Since the analysis of reliability is essentially a statistical 
process, these investigations have related largely to 
military equipment where very large numbers of units 
Or components are in use under similar (usually 
strenuous). circumstances. More recently the computer 
field has been a fruitful one for analysis on account of 
the large numbers of components involved. Instruments 
on the other hand are frequently made in relatively 
small numbers and contain relatively few components, 
and the opportunity to make a sound statistical analysis 
may rarely arise. This must not lead the instrument man 
to feel that the lessons learned at such cost in other 
fields are not particularly applicable to him: they are. 
Yet all too frequently it appears that consideration of 
reliability as a specific factor in design is neglected. 
Both the designer and the user have contributions to 
make through their approach to the problem. 


RELIABILITY AND THE DESIGNER 
This article does not set out to be a manual of design, 
and the responsibilities of the designer cannot be simply 
summarized. However, there are factors in the hands of 
















































































































































































































































the designer which affect reliability in its broadest sense 
and which will bear repetition. The first and most im- 
portant of these is that the concept of designing for reli- 
ability should pervade his approach to the project. It is 
too late to wait until some late stage in its execution and 
to review the design with reliability in mind. Careful 
selection of reliable components in an endeavour to 
maintain correct operation of critical circuits is unlikely 
to yield the same results as studious avoidance of critical 
modes of operation. The use of heavy negative feedback 
in an amplifier devolves most of the responsibility for 
stability on a few simple feedback components, instead 
of spreading it over a large number including valves and 
transistors. Such considerations belong to the basic con- 
ception of an instrument and cannot be added to it as an 
afterthought. A species known as the ‘reliability 
engineer’ appears to be emerging, whose duty it is to 
keep under review aspects of design affecting reliability. 
They may have their place in large development teams 
and it in no way detracts from their value to emphasize 
strongly that every designer musi be a reliability 
engineer in outlook. 

The relationship between reliability and maintenability 
is not a direct one, but in practice it may be important. 
It is expressed by the availability of the equipment. 
If the mean time between failures (m.t.b.f.) is T; 
and the mean time to repair is T, then the availability is 


T, 
T; = a 


For high availability it is essential that the time required 
to repair the average fault be kept as short as possible. 
This process usually involves two phases—the location 
of the fault, and the replacement or renovation of the 

offending component. The designer can directly in- 
fluence each of these processes, and all too often they 
receive scant attention. 


Fault location 

Fault location can be assisted in two ways. First, by 
provision of adequate information, especially in the 
form of a logical break-down of function, and culminat- 
ing in the specification of voltages or wave-forms at key 
points. A readily intelligible circuit diagram, conform- 
ing to recognized conventions, is a necessity. Compon- 
ent values should be marked on the diagram and not on 
some remotely situated component-list, and some means 
of rapidly identifying individual components should be 
provided either by direct marking or by separate loca- 
tion diagram. Anyone who still combines the functions 
of circuit and location diagrams deserves to be con- 
demned to six weeks’ hard labour repairing electrical 
faults in motor cars! Secondly, fault location can be 
assisted by providing readily accessible test-points in the 
equipment, corresponding to the key points in the circuit 
mentioned above. If these points can be monitored by 
built-in switched meter, so much the better. Frequently 
this will save fruitless dismantling of sound equipment. 










Repairs 
The second phase of repair involves the removal and 
replacement of components, and here the designer is 
often faced with the conflicting requirements of ready 
accessibility and economy in manufacture or assembly 
No rules can be formulated here; every project poses. its 
own problem. It is easy to end with a cheaper design— 
and a bad game. 


Maintenance 

Closely related to these considerations is that of main- 
tenance. Marginal testing and preventive maintenance 
have their proponents and opponents. The object of 
both procedures is to detect the onset of deterioration 
before it becomes serious. There can be little doubt that 
preventive maintenance at the hands of the over-enthusi- 
astic maintainer can be disastrous. The designer can 
help here by providing detailed guidance in essential 
maintenance, and again by providing readily accessible 
and fool-proof test points. A case has been cited of a 
computer where the abandonment of preventive main- 
tenance reduced failure-rate by a very large factor. The 
damage proved to have been caused by accidental short- 
circuiting of adjacent leads ty searching test probes. 
Provision of specific test points can eliminate this type of 
hazard. 

We have already mentioned briefly the information 
provided for the maintainer, and this leads: to more 
general consideration of information provided with the 
instrument. It is common for a handbook to be com- 
piled as an afterthought, or left in the hands of some- 
one not considered fit for more technical work. No 
other explanation can account for some of the hand- 
books that exist. A few notes culled from the designer’s 
notebook, a circuit diagram conforming to no recogniz- 
able conventions, and a component list; these do not 
constitute an adequate fund of information and guidance 
to see a instrument through its life. The development 
of the instrument may have taken many months; to 


devote a few competent days to producing the handbook 
is not excessive. 


Dangers of knowing too much 
At this point a few words of caution are not out of place. 
In the course of development the experimenter inevit- 
ably becomes over-familiar with the equipment. This 
pre-conditioning to some extent disqualifies him from 
evaluating handbook information. Particularly where 
instructions for setting up the equipment are concerned, 
it is essential that these be tried out on someone un- 
familiar with the procedure, and preferably of lesser 
ability than is expected of the average maintainer. This 
test can be revealing if scrupulously carried out, and 
may in addition disclose that aspects of the design are 
likely to prove more critical in the field than in the 
skilled hands of the originator. 

An important phase of design for which time, alas, 
seems rarely to be available is that of reassessment in 
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the concluding stages. The initial concept is sometimes 
modified because of practical difficulties, or more likely 
because of changes in the specification during design. 
What started out as a coherent integrated design may 
now have become a disjointed collection of circuits, and 
may even contain redundant components or stages; or 
complexities may have been introduced to guard against 
eventualities which have not materialized. Extensive re- 
design at this point- is unlikely. to be economic, but a 
critical reappraisal may save trouble later. 


What happens later 
Until now we have avoided dealing with the more de- 
tailed aspects of design. So far as mechanical design is 
concerned we shall not depart from this principle. It 
cannot, be overstressed, however, that some equipment is 
still insufficiently robust for industrial life. It asks a lot 
of the designer in the laboratory to visualize his care- 
fully nurtured, supersensitive brain-child being hosed 
down or used as a Stepping stone for heavy boots on 
their way to higher things, but this is the kind of picture 
he must have in mind. Military equipment is of course 
required to’meet exacting mechanical specifications, and 
some of the larger industrial organizations are now fol- 
lowing suit. It is a sobering fact, to be contemplated 
by every instrument designer, that some of the more 
violent conditions specified in these tests are designed 
to simulate, not the conditions of use, but of transport; 
and the hazards of transport are not reserved for mili- 
tary instruments alone. Perhaps this accounts for the 
frequently voiced complaint that instruments newly 
arrived from the manufacturer will not work. 
Finally, the science of ergonomics (* human engineer- 
ing ’ is the slightly grotesque term used across the Atlan- 
tic) has come to stay. This is concerned with the 
matching of man and machine. It may have a limited 
bearing on instrumentation, but such factors as the read- 
ability of scales and the placing of controls are impor- 
tant. For example, the siting of preset controls at the 
rear of a unit for setting the reading on a meter at the 
front may cause more than frustration—it may cause 
error. Fortunately, really bad scales seem to be appear- 
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ing less frequently than heretofore, and it is to be hoped 
that the guide in preparation by a committee of the 
British Standards Institute will further improve the 
general standard of scale design. 


RELIABILITY AND THE USER 


Although the designer’s part is paramount, the attitude 
of the user is important. The first attribute we would 
demand of him is realism. Absolute reliability is as un- 
attainable as perpetual motion. The real world is full 
of imperfections and it is with imperfect materials that 
the designer has to work. Very high reliability can be 


‘ achieved, but there is a relation between reliability and 


cost. In the realm of high reliability, therefore, the 


user must make a realistic assessment of his require- 





ments, bearing in mind that it is very much easier to 
write specifications than to design the equipment to 
meet them. 

In some cases the high cost of equipment failure may 
justify the stipulation of a very high reliability figure. 


, Hence the stress on reliability of electronic computers, 


where capital and maintenance costs are high and where 
delays in the appearance of the output information may 
be commercially serious. In other cases the penalties of 
failure are much more grave. An atomic bomb must 
never explode accidentally, but must always explode on 
command. The reaction in a nuclear power plant must 
always be kept under control. Passenger-carrying air- 
craft with ever-increasing passenger loads, must not 
suffer a crippling failure in flight. In cases such as 
these it is necessary to stipulate very high reliability, and 
to be prepared to accept the cost. A large proportion 
of instrument applications is not in this class, and it is 
in such cases that an informed specification for reliability 
can contribute most. 


Redundancy 
Where the highest possible reliability is required the 
principle of redundancy may be invoked. In a dupli- 
cated system, where the probability of failure of either 
unit within the specified time interval is p, the proba- 
bility of total failure is p’, and the reliability is 1 — p’. 
A recent paper (2) on the reliability in an automatic 
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landing system set a target for accident rate of 10-’, i.e. 
one failure in 10° landings. Assuming a critical period 


of thirty seconds during landing this requires a single 


equipment to have an m.t.b.f. of 83,000 hours. Such a 
figure is not attainable in the present state of the art. 
However, if redundancy is obtained by providing a 
duplicate control system, the probability of a failure in 
the complete system being p, then the corresponding 
m.t.b.f. is given by 4p? = 10-*. This works out at nine- 
teen hours, and is clearly attainable, although it may be 
unacceptable for other reasons. 

In this case the high reliability figure reached is largely 
a function of the short period for which it is specified. 
Where high reliability under conditions of continuous 
operation is necessary, as in trip amplifiers for nuclear 
power stations, triplication may be necessary. This 
exemplifies the cost which may be involved in specifying 
very high reliability. To keep this aspect in perspective, 
however, we might well recall Garvin's light-hearted 
Suggestion that, for a given probability of shooting a 
deer, the expenditure of three arrows may prove pre- 
ferable to the development of a single-shot deer-seeking 
guidance system. 


Maintenance 

The foregoing must not be interpreted by the user as 
an apology for the unreliability of electronic instrumen- 
tation. Users’ experience in the past has often been 
very bad with poor designs, and a certain sales resis- 
tance has been generated in some quarters to any equip- 
ment containing more than two valves. (Presumably 
those concerned never fly, since aircraft safety is very 
much dependent upon a considerable number of valves.) 
Here we are concerned with equipment of competent 
design. Nevertheless, it is frequently possible to detect 
different approaches to the failings of electrical and 
mechanical devices. The limitations and care and main- 
tenance requirements of moving parts are more readily 
appreciated. Deterioration through poisoning of semi- 
conductors, thermal cycling, or the growth of cathode 
interface resistance are much less apparent. The user 
who accepts the need to have a skilled mechanical main- 
tenance staff must be equally prepared to maintain his 
electronic equipment. An overheated bearing will cause 
immediate concern, but little consideration may be given 
to the siting of an electronic instrument so that cooling 
air is unobstructed. The classic example of the amount 
of care and attention that is freely given to machines is 
found in the motor car. An economic life of 60,000 
miles is more than is commonly attributed to a car, and 
at an average speed of 30 mile/h it will have run for 
only 2000 hours. During that period this highly de- 
veloped machine will have been serviced at least every 
thirty hours. A continuously run instrument will accum- 
ulate the same number of hours in three months, and 
servicing at daily intervals would be out of the question. 
To press such a comparison too closely. would invite 
caustic comment; nevertheless there is a moral to be 


drawn. Perhaps we can conclude this subject best by 
drawing the attention of the user once more to the 
responsibilities implied by the words ‘ with specified 
maintenance ’ in our original definition of reliability. 


Temptation of the adventurous 


Finally, there is a pitfall in the path of the more adven- 
turous user which requires strength of mind to avoid. 
This is the temptation to use the full potentiality or sen- 
sitivity of a new instrument as demonstrated in the 
laboratory. He may well be urged along this road by 
the originator, since scientists are driven by an inner 
compulsion to seek the ultimate. In pursuing this aim 
the scientist will not be deterred by the necessity to 
include a number of fine controls and delicate adjust- 
ments. The sacrifice of these aids to ultimate perform- 
ance may demand a difficult decision, but there is no 
doubt that the chance of survival of the adjustment-free 
instrument in industrial life greatly exceeds that of the 
finely adjustable, greater though its potential accuracy 
or sensitivity may be. 


IT AMOUNTS TO THIS 


In economic terms we must conclude that high reliability 
is likely to be expensive. It means more expensive 
materials and components, possible multiplication of 
components, and increased development and proving 
costs. In many practical cases some degree of compro- 
mise is necessary. Perhaps we can best illustrate the rela- 
tive spheres of responsibility of designer and user by the 


Cost 





Reliability 


graph. In region A reliability is chiefly in the hands of 
the designer. Without materially affecting the cost of 
the instrument his efforts will largely determine the 
reliability. In region B increased reliability costs money,’ 
and the user’s specification must take this into account. 

The problems of reliability discussed here do not 
uniquely apply to electronic instruments. A most in- 
teresting report by Garvin (7) shows how very similar 
are many of the problems encountered by the aircraft 
engine designer. But the great strides made in recent 
years hold out hope, both for designer and user, that— 
given due attention throughout its evolution—the instru- 
ment of today and of the future can be very dependable. 
Looking even further ahead, dare we hope that ‘ mole- 
cular electronics’, briefly mentioned in recent publica- 
tions, will. by reducing the number of individual com- 
ponents comprising each circuit, one day usher in a 
new era of high reliability? 
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Details of construction, operation and character- 
istics are summarized, a method for determining 
the response to various inputs is indicated, and the 
non-linearity of damping factor, transfer function 


and figure of merit is examined 


The two-phase servo-motor 


by G. G. BOND B.Sc., Ph.D., A.M.LE.E. 


THE TWO-PHASE INDUCTION MOTOR IS AN IDEAL SERVO- 
motor for use in an a.c. servo-system where the controlling 
signal is an amplitude-modulated carrier. There is also 
much to commend its use in an otherwise d.c. system. 
The method of control is to excite one motor-field 
winding fully and to vary the quadrature excitation of 
the second field (Fig. 1). This arrangement gives a speed 


Magnetic 
amplifier 


‘ (90°phase shift 
Control 


voltage 


which is proportional to the controlling field excitation 
over a limited range, and a direction of rotation which is 
determined by the phase of the quadrature excitation. 
The technique outlined has been extensively employed 
in instrument-type servo-mechanisms, and this article 
correlates information already determined from these 
and other applications. 


Construction and operation 


The stator of the servo-motor has two windings, spaced 
at 90° (electrical), which may or may not be electrically 
balanced. When the stator windings are excited by two 
currents having a quadrature phase relationship, a 
rotating magnetic field, whose direction is determined 
by the phase sequence of the currents, is established. The 
rotor, fundamentally of the squirrel-cage type, has 
currents induced in it by the rotating field, and these, 
by reacting back on the magnetic field, develop a torque 
which causes the rotor to rotate and follow the field. 
Thus there is no fundamental difference between the 
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principles of the servo-motor and the split-phase and 
capacitor motors, but in practice there are certain design 
differences. 

In control applications it is essential that the motor 
does not ‘ single-phase ’, since such a condition implies 
that control of the motor has been lost. ‘ Single-phase ’ 
operation is avoided by designing the motor so that it 
requires a relatively large magnetizing current and has a 
large’ rotor resistance. These conditions, which are 
obtained in the design of the rotor, ensure that zero 
torque is developed with zero control-field excitation. 
Two types of rotor construction are possible, either 
the normal squirrel-cage or the ‘drag-cup’ structure. 
Motors of the first type have conveniently constructed 
rotors of a diameter small compared with the frame 
size, and in general have the advantage of requiring 
smaller control-field power than does the ‘ drag-cup’ 
type. The ‘ drag-cup’ rotor is a thin cylindrical shell of 
conducting material, containing a stationary iron 
cylinder which completes the magnetic circuit. Its con- 
struction gives the advantage of a large torque:inertia 
ratio, which is valuable in the design of a fast-acting 
servo-system. With both types of rotor construction the 
magnetizing currents are larger than those of the corre- 
sponding, but conventionally designed, induction motors. 


General characteristics 


Owing to the large air-gap and high rotor-resistance, the 
servo-motor possesses some characteristics which are not 
shared with the split-phase and capacitor motors. Its 
features can be summarized as follows: 


1 The electrical time constants due to inductive effects in 
the stator and rotor are usually small compared with the 
mechanical time constant of the rotor and its associated 
mechanical load. The transient torque-speed characteristic 
































































































































































































is therefore virtually the same as the steady-state torque- 
speed characteristic. 

2 The torque-speed characteristics of the servo-motor 
are, in part, dependent on the impedance of the source 
energizing the control winding. In general, both the torque 
and the speed are proportional to the control voltage at 
constant speed and constant torque respectively, and the 
slopes of the speed-torque characteristics are approximately 
constant. 

3 The damping factor does not vary in a linear manner 
with the control voltage, and this makes the analytical 
approach to the servo-mechanism problem rather difficult. 
In practice, however, the variation of the damping factor 
can be used to achieve a rapid response without overshoot 
by controlling either, or both of, the stator phase voltages 
during the transient response period. 


Analysis of performance 


The set of differential equations representing the response 
of the motor is unfortunately so complex as to make an 
exact analysis exceedingly difficult, and a practical 
solution can be found only by using certain simplifying 
assumptions or a computer. Analytically, several 
approaches are possible. Here we use symmetrical 
component theory, and consider the type of source 
energizing the control winding, which usually is either 
matched to the motor impedance or of low impedance. 
In either case it is necessary to resolve the phase voltages 
into their symmetrical components, and since these 
form two right-angled systems of opposite phase 
sequence, it is useful to visualize, in place of the servo- 
motor, two two-phase induction motors on a common 
shaft, one of which is energized by the positive, and the 
other by the negative, sequence voltages. The super- 
position principle then enables one to calculate the 
motor performance. 


Fig. 2 
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The matched impedance case (Fig. 2), yields the 
following equations: 
Z..Z-. Val +K, +ZolZ-) 


VR (1) 


sO A ZA(Z+ + Z-) 
and 
Vp Z..Z~.VR(I — K, + Zc/Z+) Q2) 
F Acie ZAZ+ + os 7 
where 


Positive and negative sequence com- 
ponents of reference phase voltage. 
Positive and negative sequence com- 
ponents of impedance. 


Vr = Reference phase voltage. 


Zc = Source impedance. 
Ec = Control phase voltage 


The voltages represented by equations 1 and 2 are 
those two-phase supplies which are separately applied to 
the two imaginary motors which are visualized as forming 
the servo-motor. The complete equivalent circuit is 


Rs 








Fig. 3 


shown in Fig. 3, but unfortunately, its use is hampered 
by the practical difficulty of separating the equivalent 
series reactance, determined from test data, into the 
rotor and stator components, and for this reason it is 
usual, because of its low practical value, to assume that 
the rotor reactance is zero. A further simplification, 
which reduces the equivalent circuit to that shown in 


Fig. 4, is to assume that the equivalent magnetic circuit 
is purely inductive, justified this time by the large air- 
gap, which makes the magnetizing susceptance much 
greater than the magnetizing conductance. The power 
loss in the equivalent rotor resistances gives the torque 
in synchronous watts developed by each of the imaginary 
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motors. Typical torque-speed curves are shown in 
Fig. Sa and torque-control voltage curves in Fig. 5b. 
The torque developed by the servo-motor under balanced 
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voltage conditions is approximately proportional to the 
square of the phase voltage, so the net torque, 7, 
developed when it operates under the conditions outlined, 
can be expressed by 


(Vr+)? ‘Vv R-l* 
a ifaw y Sore 


where 7, and T_ are defined as the torques in synchronous 
watts developed by the motor wherr running at a slip of 
S. and (2 — S,) respectively, with a balanced two-phase 
voltage Vr applied to the windings. 

A similar analysis may be applied to the servo-motor 
when it is energized from a low-impedance source, and 


pie V 
this gives vig el - (1 + K,) (4) 
and .- f 

ve = 7K) © 


as the symmetrical components of voltage. The practical 
torque curves for this case are of the type shown in 
Figs. 6a and 6b, which indicate that, over limited ranges, 
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k=0 Fig. 6 


the assumption of linear relationships between torque 
and control voltage and torque and speed respectively, 
is valid. 

Single-phase operation can occur when the control 
winding is either short- or open-circuited, and for the 
motor to stall it must possess a positive damping 
coefficient. The design criteria necessary to cater for 
these two conditions are not quite the same. For the 
short-circuit case, with a balanced input, the torque 
developed over the negative speed range must exceed 
that developed in the positive range, and this means that 
the peak torque developed occurs at a negative speed, 
and the characteristic crosses the zero speed axis with a 
negative slope. Normal induction-motor theory indicates 
that this can be achieved by having a very high rotor- 
resistance, a factor which also helps in linearizing the 
torque-speed characteristics. 

When the control winding is open-circuited, Z¢ = «, 
and using this value in equations | and 2 substitution 
into equation 3 yields 

T(Z-} > T(Z+}* i 
as the condition for avoiding single-phasing. Therefore, 
although the difference between T- and 7. is great 
enough for the short-circuit case, it may be insufficient 
to prevent single-phasing when the control winding is 
open-circuited. This difficulty is overcome by making 
Z. and less Z~ dependent upon the rotor slip, and it is 
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evident from the equivalent circuit shown in Fig. 4 
that this can be accomplished by designing the shunt 
magnetic impedance to be small compared with the rotor 
impedance, i.e. by having a large air-gap so that the 
motor requires an appreciable magnetizing current. 


Transient performance 

With balanced voltages applied to the motor, the torque- 
speed characteristic is approximated by the expression 
(wo — ») 


Wo 


T=K.¥V* 


‘where w, = synchronous speed. 


This equation can also be used to express the com- 
ponents of torque in the unbalanced condition by 


‘putting V for the positive and negative sequence 


components of voltage. The components of voltage for 
the low-impedance-source case follow from equations 
4 and 5, so that the net torque developed is 

Vc%(t) + VR? w ) 


2 Wo 


T = K-<4Ve(t): Vr —- 
\ 

This expression may be equated to the load require- 
ments, which, in general, can be expressed by 


(a+ bo+4- $2) 


where a = coulomb friction coefficient 
b = viscous friction coefficient 
J = combined inertia of the load and rotor 





and hence the equation 
dw = K[Vc%(t) + Vr*] + 2b — 


KVc(t)Vr—a 
on Jury me J 


(6) 
is obtained. Equation 6 is a first-order linear differential 
equation having the solution 
w = exp [_ + Vall + ear 

2Jur 
eta 2M a 
(7) 


which fortunately simplifies for the two cases of a step 
input and a sinusoidally modulated input to the control 
field. For a step input the speed response is given by 


2w (KV c Vr snot a) ( 


°o=K(Vc + Ve) + dbo, |! * 
K(Vc? + Vr?) + 2b ) 
2w (KV ec Vr—a) 
where KV + Vit) + dba, > steady-state speed 
2 
and wel = atimeconstant, since 


(V-2 + 2) + Qh ; 
K(Vc Vr") + 2bwe here both Vc and Vp 


are constant 
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For a sinusoidal input, where the control voltage 
amplitude is sufficiently small for terms in Vc* to be 
neglected, the solution of equation 6 is 


KVcVr B Sin w,,f — Ww», COS w,,f 
+ Ce-Bst 
w J . pe L wo. Ce (9) 
KV ;* + 2b 
where 8 = J ~s 
aw 
Sm =5 frequency of amplitude modula- 
a7TW 


=. Gee. 


Damping factor 

The reciprocal of the slope of the speed-torque curve 
gives the internal damping of the motor, and this enables 
one to construct a family of damping-control voltage 
characteristics for any machine. Fig. 7 shows that the 
damping factor is far from being linearly related to the 
control voltage, and it is this non-linearity which makes 
a precise mathematical representation of any system 











Decreasing 
speeds 













Control voltage 
Fig. 7 
using the servo-motor difficult. Provided that the phase 
voltages remain constant, the mechanical time-constant 
of a motor-load combination can be shown from 
equation 8 to be, 
Jw» 

K(VR? + Vc?) + 2bay 
Equation 10 indicates that the most rapid response is 
achieved when both field windings are fully energized. 
Thus, a proportional servo-mechanism with a very rapid 
response can be obtained by inserting a non-linear 
element in the feedback path to offset, over an appreciable 
portion of the response period, the diminution of the 
error signal. Overshoot in the servo-mechanism may 
feasibly be avoided by adjustment of one field voltage 
or both of them, during the response period. 


(10) 


Transfer function 

Equation 8 indicates that the frequency response of the 
servo-motor is that of a single-time-constant, linear 
system, so that the Laplace transform may be written 


KG(s) (11) 


G 
s(s + T) 
thereby indicating that the phase shift increases from 
90° to 180° as the frequency is increased from low to high 
values. The function has an amplitude which decreases 
with increased frequency, the frequency curve having a 
slope of —20dB per decade at low frequencies and of 
—40dB per decade at very high frequencies. 

In practice, the low-frequency response of the motor 
agrees with equation 11, but unfortunately this is not 





the case at high frequencies, for it can be shown experi- 
mentally that the phase shift increases beyond 180°, 
thus indicating that at least one more time-constant 
should be taken into consideration. The more probable 
transfer function is of the type 
G 

s(s + T,(s + T2) 
where.the second time-constant is that of the rotor circuit, 
which cannot be justifiably neglected at high frequencies. 
The transfer function is obtained by transforming the 
velocity function resulting from a step input, and a 
precise derivation is difficult because the evaluation of the 
exact velocity function involves the simultaneous solu- 
tion of three non-linear differential equations which 
arise from the fact that both the magnitude and frequenc y 
of the rotor current change during acceleration. An 
approximate solution gives the transient velocity as 


w = wy + AetT + Bet (13) 
where the coefficients may be evaluated from known 


conditions. Equation 13 gives the type of transfer function 
shown in equation 12. 


KG(s) = (12) 





Figures of merit 


A figure of merit is a convenient way of expressing the 
usefulness of a component, but unfortunately in this 
context there is no one such figure which will adequately 
cover all applications. The performance of the motor 
is usually described in terms of the torque:inertia ratio 
and the (torque)*:inertia ratio, where the torque is that 
developed at standstill with balanced voltages applied. 
The counterparts of these ratios in amplifier parlance are 
the voltage gain x band-width and output power x band- 
width respectively, for if the servo-motor band-width 
is defined as the reciprocal of the mechanical time 
constant, then the torque:inertia ratio is equivalent to 
the product of the maximum speed and band-width, 
whilst the (torque)*:inertia ratio is equivalent to the 
product of the power output and band-width. The latter 
gives the better indication of performance in those 
applications where there is such a gear ratio between the 
motor and the load that the load inertia has an appreci- 
able effect on the motor. 

The torque:inertia ratio is a measure of the accelerating 
power of the servo-motor, and is a parameter which can 
be improved by reducing the inertia of the rotor. By 
retaining the same stator frame-size and keeping the axial 
rotor-length constant, the ratio can be improved by 
reducing the rotor diameter; for whilst the torque is 
proportional to something between the square and the 
cube of the diameter, the inertia is proportional to the 
fourth power. Again, the ‘ drag-cup ’ construction clearly 
has an advantage over the conventional squirrel-cage 
structure in achieving a high ratio. 
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The general problem, and the future 


THE EARLIER ARTICLES IN THIS SERIES HAVE DEALT MORE PAR- 


ticularly with the problems of control and instrumenta- 
tion associated with the thermal, gas-cooled, natural- 
uranium reactor (g.c.r.). The reasons for this emphasis 
were that this type of reactor was chosen for the first 
round of C.E.G.B. nuclear power stations, and most of 
the design effort in this country has been concerned with 
this sort. Even the later stations in the program are 
likely to be improvements of this basic type, rather than 
reactors of a fundamentally different kind. 

In this article we shall consider the control and instru- 
mentation problems associated with other types of re- 
actor as well as the g.c.r., and this can best be done by 
considering the life cycle of a neutron in a reactor. This 
is illustrated in Fig. 1, for the cases of both the thermal 
and the fast reactor. In the former case most of the fissians 
are from thermal neutrons which have been slowed down 
from their initial fission energies in the moderator. On 
the other hand, fissions in a fast reactor are continued 
by neutrons whose energies are only slightly less than 
when first born. There are also intermediate reactors, in 
which neutrons of intermediate energies contribute to- 
wards the chain reaction; and mixed reactors, in which 
parts of the core operate on the fast cycle and parts on 
the slow or intermediate cycles. 

From Fig. 1, it may be seen that the effective multiplica- 
tion constant (k,) is given by k, = acepdfy for thermal 
reactors and k, = acv for fast reactors where a is 
the non-leakage probability for fast neutrons, c is the 
non-capture probability for fast neutrons,’ « is the 
fast-fission effect, p is the non-capture probability 
for resonance-energy neutrons, 5 is the non-leakage 
probability for slow neutrons, f is the thermal 
utilization factor (proportion of thermal neutrons 
captured by fuel), 7 is a number of neutrons per 
capture of thermal neutrons by fuel and v is the number of 
neutrons per fission. 
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‘CONTROLLING NUCLEAR POWER—9 


In this concluding article of the series Dr Taylor recon- 
siders some of the problems of controlling the operation 
of nuclear reactor plants, discussing not only thermal, 
but fast reactors and other types 


by DENIS TAYLOR M.‘Sc., Ph.D., M.LE.E., Plessey Nucleonics Ltd 


The condition for sub-criticality is that k, < 1, for 
criticality kK, = 1 and for super-criticality k, > 1. 
As explained in the earlier articles, control is effected by 
varying one of the component terms in the criticality 
condition k, = 1. The most common method is by use 
of absorbing material, i.e. varying c or f, which, as was 
shown earlier in the series (December 1960), in the case 
of thermal reactors involves using control rods of boron 
steel or cadmium. In the case of fast reactors it involves 
employing boron rods enriched with B*° isotope. Another 
method of control involves varying the amount of moder- 
ator and therefore p. In certain heavy-water reactors, for 
example, control is achieved by varying the height of the 
D,O in the tank, although this also varies the leakage. 
Still another variant is found in the case of the boiling- 
water reactor, in which control is achieved by using the 
change in moderator density due to temperature effects, 
which again produces a change in p. In general, control 
by varying the leakage (a or 5), since it involves the move- 
ment of reflectors, is practicable only with small reactors. 
Thus the small, fast reactor Zephyr was controlled by 
moving the reflector. Still another method which can be 
employed is moving a proportion of fuel, and this system 
was adopted for the Dounreay fast reactor. Movement of 
a proportion of the fuel into or out of the system ob- 
viously varies the proportion of neutrons causing fission. 

The introductory article (August 1960) differentiated 
between the prompt neutrons (i.e. neutrons produced by 
fission itself) and delayed neutrons (i.e. neutrons emitted 
by excited nuclei formed in the fission process). It should 
be noted that the prompt-neutron lifetime varies from 
10-*s in thermal, natural-uranium, graphite-moderated 
reactors (e.g. Calder Hall) to 5 x 10-‘s in thermal, 
enriched U**, H,O-moderated reactors (e.g. Lido), 
to 10~’s in fast reactors using U** fuel (e.g. Dounreay). 
However, as has been pointed out earlier in the series, 
the delayed neutrons, with the main group having a half- 
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Fig. | Neutron life cycles 


life of 54-5s, act as pace-makers for any changes in the 
system, and the important conclusion can be drawn 
that for safe operation it is important not to allow a 
reactor to enter the prompt-critical region (i.e. the region 
where the chain reaction becomes self-sustaining with- 
out the delayed neutrons). 

It is important to notice how the delayed-neutron 
fraction (8) varies with the type of reactor. This informa- 
tion is summarized in the table below (see Cox and 
Walker, Proceedings I.E.E., /03 B, pp 577-589, 1956). 


TOTAL 
EFFECTIVE 8 


o 


REACTOR TYPE 


Calder Hall Thermal, natural U 0-75 





Dounreay 

material-testing 

reactor Thermal, enriched U?** 0-67 
Zephyr Fast Pu®*® 0-30 
Dounreay 

fast reactor Fast, enriched, U* 0-75 






It may be noted that 8, and therefore the margin be- 
tween prompt and delayed criticality, is much less for 
the plutonium-fuelled reactor, and also that the effective 
delayed-neutron fraction for uranium-fuelled reactors is 
nearly always in the range 0-65-0-80°%,, regardless of the 
proportions of U*** and U** present. 

Cox and Walker give a relationship between the re- 
activity p (k, — 1)/k, and the reactor period T7, 
(<-folding time) taking account of the six groups of 
delayed neutrons. The equation is 


‘ T* _: 2.79 = a 
withes Ase igh ge A 


i=1 










where 7* is mean lifetime of prompt neutrons, m is 
number of delayed-neutron groups in fission process, 
uw is fraction of delayed neutrons in the i” type and A 
is disintegration constant for precursors of the i" type. 
The above expression connecting p and T, may be em- 
ployed for plotting the relationship between these two 
quantities for typical fast and thermal systems using 
uranium and plutonium as fuel. If this is done it will be 
noticed that the relationship between p and 7, is almost 
identical for all cases so long as p is less than the delayed- 
neutron fraction § for the fuel concerned. This is shown 
in Fig. 2. The significance of this is that fast and thermal 
reactors are indistinguishable from the operator’s point 
of view, each having the same response to similar changes 
in control movement. On the other hand, the divergence 
of the curves for values of p > 8 indicates the importance 
in fast-reactor design of ensuring that under no circum- 
stances are such high reactivities ever possible. 









Fast reactors 


The Dounreay fast reactor, like all fast reactors, has a 
very small core, but some 60MW of heat are generated. 
Liquid metal is the coolant in 24 primary heat exchangers, 
and heat is transferred through secondary, liquid 
metal circuits, to water in further heat exchangers 
where superheated steam is raised to drive a ISMW 
turbo-generator set. The primary and secondary sodium 
coolant is driven round by electromagnetic pumps. 


O-l 


Reactivity,p 


0-000! 









10 
Reactor period,s 


Fig. 2 Relationships between p and Té for typical systems: I Dido; 


2 Bepo; 3 Lido; 4 Zeus; 5 Theoretical (plutonium—239, thermal); 
6 Zephyr; 7 Theoretical (plutonium—239, fast) 


100 1006 


The nuclear measurements follow the same general 
pattern as in a thermal reactor, ion chambers being 
located in a belt of borated graphite which surrounds the 
core tank and forms a thermal shield. Control is by moving 
fuel elements into or out of the core. Twelve control rods 
are used, each holding ten fuel elements. Three B!°® 
rods provide alternative means of shutting down. 

It has been explained recently by Allen* that whilst 
much of the instrumentation at Dounreay is conven- 
tional, in the case of the liquid-metal coolant circuits the 


* Speaking on ‘ Operational Experience on D.F.R.’, 1.E.E., Glasgow, 25 March, 
1961. 


CONTROL July 1961 

















normal measurements of flow, temperature, level and 
pressure are complicated by: 


i the presence of the chemically active sodium—potassium 
coolant and its vapour; and 


ii the importance of maintaining the integrity of the liquid metal 
‘ and associated nitrogen gas blanket circuits. 


The first of these has led to the extensive use of stain- 
less steel for all components coming into contact with the 
coolant or its vapour. In order to guaranteé as far as 
possible the integrity of the liquid métal circuits they were 
constructed without any flanges or valves, and in the 
primary circuit almost all liquid-metal pipe-work was 
leak jacketed. This led to the choice of electromagnetic 
flowmeters for all flow measurements in preference to the 
usual Venturi type. Pressure is measured with sealed- 
diaphragm instruments, so that failure of at least two 
seals is necessary before any loss of blanket gas occurs. 
Liquid level measurements are based on a buoyancy 
principle, and there are no moving parts in contact with 
the liquid metal. 

One novel measurement is that of control rod position. 
Smart* has described how the movement of a soft iron 
slug (fixed to an extension of the control rod) inside the 
blanket system is followed by a search coil outside the 
blanket, again to minimize the possibility of gas leakage. 


High-temperature gas-cooled reactor—Dragon 
The safety problems of Dragon differ from those of most 
other reactors. The designt can be considered to be in- 
herently safe with respect to power excursions, because 
high-temperature materials are used in the core itself,and 
because the temperature coefficient remains negative for 
all phases of operation. The main hazards arise from the 
fission products in the different parts of the circuit. 

The Dragon reactor differs from the Calder type in 
that clad fuel elements are not employed. Instead, fission 
products are continuously removed. A burst-slug de- 
tecting (b.s.d.) system is not therefore requited. However, 
it is necessary to ensure that removal is satisfactory, and 
this calls for fission-product monitoring and a system 
equivalent to a b.s.d. system. 

As in the case of g.c.r.’s of the Calder type, approach 
to criticality is monitored with proportional counters. 
These items are to be housed in vertical holes near the 
inner face of the radial reflector and they will be retracted? 
before the power level is raised. 

The flux level is divided into three ranges. In the lowest, 
fission chambers are to be used. In the middle range, 
ionization chambers, and in the top range fission cham- 
bers of a different design will be employed. These will 
provide flux measurement, and will be available for 
initiating power trips. The two-out-of-three system, as 
used in the earlier reactor types, is also proposed for the 
Dragon reactor. Reactor trips are also associated with the 











* Smart, R.: ‘ Instrumentation of the Dounreay Fast Breeder Reactor ’, Instru- 
ments and Measurement Conference, Stockholm, September 1960. 

+ See first Annual Report Dragon Project 1959-1960, 1960, O.E.E.C., European 
Nuclear Energy Agency. 

+ As was reported at the Scottish I.E.E. Convention, March 1961, Boron-lined pro- 
portional counters are now available from Plessey Nucleonics Limited which 
need not be retracted in the same way as the BF, gas proportional counters. 
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primary and secondary coolant temperature, pressures, 
flow rates and radio-activity. 

The policy at the present time is to enclose the control 
mechanisms in pressure vessels directly connected with 
the main reactor vessel. They are thus in helium at 20atm 
pressure, and only electrical connexions penetrate the 
vessels. Full control is to be obtained with absorber rods, 
containing boron carbide, lowered into holes in the re- 
movable reflector, just outside the core. For emergency 
shut-off the rods are to fall into the reflector under 
gravity. Additional reactivity control is to be exercised 


by lowering graphite moderator rods out of the core. 


Future choices 
At the meeting of the Institution of Chemical Engineers, 


* London, on 24 April, 1961, Dr A. M. Weinberg, Director 


of the Oak Ridge National Laboratory, stated that he 
thought that whilst short-term g.c.r. types were showing 
merit in helping to solve power problems in Great 
Britain, he thought that long-term ‘ dirty’ (non-clad 
fuel-element) reactors showed far greater promise. This 
was because they could be economically competitive in 
an era of abundant coal. They also offered the possi- 
bility of economical breeders and could therefore serve 
for ever as a practical means of * burning the rocks ’, i.e. 
utilizing the unlimited resources of thorium in the earth’s 
granitic rock. 

We have already discussed the control and instrumen- 
tation problem of one type of ‘ dirty” reactor, namely 
the h.t.g.c. reactor (Dragon), and noted some of the 
instrumentation problems, particularly the negative 
temperature coefficient of reactivity and the fairly con- 
ventional types of instruments employed. 

Fluid-fuel reactors, the other kind of ‘ dirty’ reactor 
which shows promise for the future, are different. This 
type of reactor is characterized by a very large negative 
temperature coefficient, but control mechanisms of the 
type used on early reactors have been installed. Satis- 
factory control has been effected, according to Weinberg,* 
by regulated feeding of the fissile material into the reactor 
circuit. Control rods as such have been unnecessary 
because of the very large negative temperature coefficient. 

Hence, future reactor control systems can change very 
considerably according to whether the high-temperature 
gas-cooled or the liquid-fuelled reactor wins preference. 

As already explained, the liquid systems have so little 
excess reactivity built into them that this must be their 
main claim to safety. Nevertheless, the liquid systems, 
because they contain so many curies of activity in labile 
form, demand attention to the details of containment 
beyond what is needed for solid-fuel reactors. Both the 
piping and the containment vessel require an extremely 
high degree of perfection. Moreover, whenever the re- 
actor is operated, there must be a positive and perpetual 
check on the adequacy of the containment. This calls for 
special instrumentation. 





* Weinberg, A. M: ‘ The Development of Fluid Fuel Reactors’, Proceedings of the 
Institution of Chemical Engineers, London—to be published. 
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NUMBER SEVEN OF THE SERIES 


The root-locus approach to multi-loop and non- 
unity-feedback systems avoids the complication of 
f.r. methods, and alternative analyses can be made 
to show the effects of different parameter variations 


Pole-zero approach to system analysis 


by P. F. BLACKMAN 


Parameter variation and alternative methods of 

analysis 
In the root-locus analysis considered so far, the forward- 
path 180° lines, whether modified by compensation or 
not, represented the locus of closed-loop pole motion 
with variation of some gain factor K,. A most useful 
feature of the root-locus technique is that the investiga- 
tion of a system may be carried out in alternate forms in 
order to obtain information about the effect of variation 
of any chosen parameter such as a gain, a time-constant, 
an inertia. 

As an illustration suppose that for a system with for- 
ward path transfer 


65 E(p) K, pil ie PT) 


it is required to investigate the effect of variation of the 
motor time-constant r,, on the closed-loop poles. These 
poles are given by the values of p satisfying the relation 





K, ae C9 PT m) I 


and the 180° lines show the variation of pole location with 
change of K,. For a given value of K, the effect of varia- 
tion of 7,, cannot be investigated easily since one pole 
varies with 7,,. If however the closed-loop condition 
above is written as 


K, pul 7 PTm) -(p = P? Tm) 


the relation 
(K, _ p)/p* —~Tm 


may be obtained, yielding 180° lines representing the 
variation of closed-loop poles with r,,, for a given value of 
K,. The relation is characterized by a zero at p = —K,, 
and a second-order pole at the origin, giving a circular 
180° line centred on the zero as in Fig. la. 

If the system has already been designed with the normal 
root-locus plot for two poles assuming a value for r,,, 
and K, adjusted to give poles at p, on-a selected damping 
line t, as in Fig. 1b, then variation of r,,, will cause pole 
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motion as shown, giving a slight reduction of damping 
aS T,, increases. 

The essential process required is to rewrite the closed- 
loop condition equation in such a manner that the para- 





Fig. | a 180° line for closed-loop motion with variation of r,, 
b Directions of closed-loop pole variation with K,, 7,, 
meter of interest is isolated, so that variation of the 
parameter is equivalent to a ‘ gain” variation, and does 

not alter the pattern. 





Time-constant variation in a lead network 


For the system with a lead network, considered in Fig. 3 
of Part 6, the parameter variation technique may be 
used to investigate the motion of closed-loop poles with 
change of the compensation time-constant 7,. For the 
system with compensation the closed-loop condition is 
a 
PCL + pr + pre + pKo7,) 
and it is required to isolate 7,. The condition may be 
written as 
KoK,(1 + pt.) = —p(l + pr)(1 + pte + pKor,) 
or 
tA pKoK, + p?Ko(1 + ps1 + pr)] = 
— Pl + p71 + pt) — KoKy 
giving 


T(p) 





af pl + pr) + pt.) + KoK, si so 
PK [K, + p(l + p71 + pr,)) : 
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180° 
/sncompensated 


X Ky \ 
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Variation 
of Ko 





Fig. 2 a Locus for variation of closed-loop poles with r,. Arrows 
indicate increasing r, 
b Effect of variation of K, or +, locus. A position of the Ky locus for 
constant 7, is also shown _ ; 
The zeros of 7(p) correspond to the condition 7, = 0, 
for which case the network merely introduces an attenua- 
tion Ky, and occur for values of p satisfying 


PL + pr,)l + pt) = —KoKy 
representing points on the 180° lines of the open-loop 


uncompensated system. Similarly, one pole of 7(p) occurs 
at the origin and the others at the solutions of 

pL + pl + pr) = —K, 
again representing points on the 180° lines of the un- 
compensated system. The complete pole-zero pattern of 
T(p) has the form of Fig. 2a, and the 180° lines give the 
variation of the closed-loop poles with change of 7,. 

For given values of K,, Ko, there is an optimum value 
of +, giving maximum damping. Variation of K, causes 
motion of the zero alone giving a family of loci as in 
Fig. 2b. The effect of variation of Ky, can be determined 
in the same manner, and the direction of pole motion with 
variation of K, for a constant value of +, is also shown in 


Fig. 2b. Ky = 1 corresponds to the uncompensated 
system poles. 


Tacho-generator feedback 

Another method of obtaining phase advance beyond the 
uncompensated pole position at p, (Fig. 3, Part 6) is to 
use a tacho-generator to give a signal proportional to the 
output member velocity, a proportion being fed into the 


error channel (see Fig. 3a). The effective generator output 
is given by 


dé,(t) 
K, 2 or K, p Ao(P) 






Fig. 3 a System with 

tacho-generator feed- 
back 

b Feedback path for 

system of a reduced 

to single block 
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for complex frequency analysis, where K, is a proportion- 
ality constant. The tacho-generator and the normal direct 
position feedback may be combined into a single unit with 
transfer (1 + pXK,) as in Fig. 3b. 

The closed-loop poles are determined from the 
complete open-loop transfer by the condition 


(p + 1/K,) = 

P(p + 1/7 p+ 1/72) 
and the effect of the tacho-generator is to introduce a 
zero on the negative real axis at p = —1/K,. Alteration 
of K, moves the zero on the axis, and if K, = 0 the com- 
plete open-loop transfer reduces to the normal cubic 
pattern of Fig. 4a. As K, is increased the zero moves 


a 7172/K, Ky 


180° 180° 


180° 180° 
id ee 
—1/T2 —W/ry —1/Ke —1/T2 — ry 


a se b 


180° 


Fig. 4 a 180° lines for system 
without tacho-generator feed- 
back 
b  tacho-generator feedback 
giving a zero at —1/K, on the 
negative real axis 
c Limiting condition for in- 
stability with tacho-generator 
feedback 


"1 "2 
c 
along. the negative real axis, terminating the 180° line 
from the pole at p = —1/r, (see Fig. 4b), and since for 
p> © the open-loop transfer condition reduces to 


71 72/Kep*, 


the asymptotic 180° lines in the right half plane become 
parallel with the imaginary axis. There will be a particular 
value of K, which causes these lines to coincide with the 
imaginary axis corresponding to a limiting condition, 
since for any increase in K, the system cannot be made 
unstable for any value of K,. Using the equivalent pole 
representation, this condition will occur when the 
equivalent pole (second-order) is at the origin, which 
requires that the moment of the pattern about the origin 
be zero,* or 
1/K, = 1/7, + 1/72 


giving the pattern of Fig. 4c. As K, is increased the 
moment condition shows that the equivalent pole moves 
to the left. In particular, when 


1/K, ny (1/7, + 1/7,)/3, 


the asymptotes pass through the zero, giving the general 
open-loop 180° line pattern of Fig. 5a. For a relatively 
large value of K, the 180° line from the pole at the origin 


* See asymptotes and equivalent pole, Part 5B (May 1961). 












Fig. 5 a General 
form of 180° lines 
and closed loop poles OPertoop 
for 1/K, = (I/7, 

| T.) 3 s 


b System with ex- ~_ 
cessive tacho-gener- i 
180° 
—* Lu 
Open-loop | 
b 


ator feedback 
is terminated by the zero, while the complex 180° lines 
spring from the rear pair of poles as in Fig. 5b. With this 
situation the transient response will contain a slowly 
decaying component corresponding to the system being 
* over-damped ” by excessive tacho-generator feedback. 
The zero due to the tacho-generator is in the feedback 
path, and hence does not survive into the final pattern 
for 6,/8p), in contrast with the zero of the lead network.* 
These results show how qualitative information about a 
system may often be obtained easily by the root-locus 
method. 


Closed-ioop 


ersare 
x 


Closed-loop 


An example 
Suppose, to consider the system already used in the lead 
network example with forward-path transfer 

6,/E(p) = K,/p(1 + pl + 0-2p), 
it is desired to use tacho-generator feedback to obtain 
closed-loop poles at p, | + j2-5, where the forward 
path alone has a phase angle of —234°. The zero on the 
negative real axis must be located to give a phase advance 
of 54° at p, as in Fig. 6, which requires the zero to be at 
p 2:8, corresponding to K, = 0-36. This adjust- 
ment has ensured that the 180° line passes through po, 








C=0-4 4 
Nees 
Fig. 6 Tacho-generator ad- 180" 
justment for required closed- —1tj2-5 
loop pole 
e \| 
54 
. a 
-5 -28 -1 





and finally the whole pattern must be considered to 
obtain the required value for K, to locate the poles at 
this point; the actual value is K, ~ 5-8. 


Interchange of loops 
When tacho-generator feedback is considered, there are 
two feedback paths, and instead of combining both 


* See Fig. 5, Part 6 (June 1961). 


together in the single expression (1 + Kp), the system 
may be_ analysed in alternate manners by regarding 
tacho-generator and position feedback paths as inner 
and outer loops or vice versa, as in Figs. 7a, b. If the 
configuration of (a) is considered, the inner loop poles 
are given by 


K,K,p : KK, pans 
PL + pry + pre) (1 + pry + pre) — 

and although p cancels it is important to remember that 
there is a term 1/p in the transfer 0,/E,(p). This may be 
seen by considering the actual transfer expression, or by 
standard block diagram manipulation, to yield the 
equivalent system of Fig. 7c. If this configuration is 
used, the inner loop transfer 6,/E,(p) will have a pole at 


~————_——- Inner loop 












| 













b 


ke Inner loop ———————__—_—__»| 
| 





Fig. 7 a, b Alternative configurations considering tacho-generator 
a and position b as the inner loop feedback 
c Configuration of a with integration separated 


the origin and (probably) a complex pair as in Fig. 8a, 
which shows the general form of the 180° lines. When the 
outer loop (position) is closed, the final transfer 0,/0,(p) 
will contain complex poles with damping lower than those 
of the inner loop. This procedure requires two plots, 
the first (for two time-constants) is very simple, and the 
second (a pole at the origin and a complex pair) also has 
simple properties,* but the final locus depends on both 
K, and K,. However it might be more convenient to 
handle two simple plots than the slightly more compli- 
cated pattern of Fig. 4, which does give a locus for K, 
alone. 


* See Fig. 15b, Part SB (May 1961). 
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180° for 
uncompensated 
system 


Peo 


| 
Si 


ve 
2\"n "7? 


180° 
e ¢c 
Fig. 8 a 180° lines for complete inner loop transfer O,/E,(p) for 
configuration of Fig..7a 
b 180° lines of inner loop transfer @,/E,(p) for Fig. 7b 
¢ Equivalent poles for inner and outer loops for Fig. 7b 


If the order of the loops is interchanged as in Fig. 7b, 

the poles of the inner loop transfer 49/E,(p), are given by 
~  -Ky/p(. + pr + pra) = —1 

which are those of the uncompensated system, and a pair 
may lie in the right:half plane as in Fig. 8b, indicating 
an unstable inner loop. When the outer loop is closed, a 
zero is introduced at the origin owing to the tacho- 
generator, and the 180° lines have the general form of 
Fig. 8b, where the asymptotic lines from the complex 
poles are parallel to the imaginary axis but lie always in 
the left half plane. This may be.deduced, for 


a the equivalent pole for the forward path of the inner loop 
with the configuration of Fig. 7b will be third-order, and 
located at p,, = —(1/7, + 1/7,)/3 (See Fig. 8c), and will be 
unchanged when the loop is closed; 


b by moment considerations the equivalent pole p,. of the com- 
plete pattern of Fig. 8b, including the zero at the origin, will 
be to the left of p,1, the actual position being p,. = 
—(1/r, + 1/7,)/2. 

This approach gives the locus of closed-loop pole varia- 
tion with K, as an isolated parameter, and shows that 
for high values of K, leading to instability of the un- 
compensated system, the addition of adequate tacho- 
generator feedback will always stabilize the system. How- 
ever, this may cause one closed-loop pole to be close to 
the origin on the negative real axis, producing a slowly 
decaying component in the transient response. 

As an actual example, Fig. 9. shows. the combined 
upper-half-plane diagram for the two alternative 
approaches applied to the example of Fig. 6, using the 
values K, = 5-8, K, = 0-36 previously determined to 
obtain closed-loop poles at p = —1 + 2:5. A portion 


Fig. 9 Closed-loop \ 


pole variations with | C=0-4 
K, and K, for the 
K2 


system of Fig. 6 180° 


: / uncompensated 
Ki 
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of the 180° line for Fig, 4 is also shown. The points 
P;, py are inner-loop poles with the configuration of 
Fig. 7a, and this pair, together with a pole at the origin, 
give the 180° line from p,. With the configuration of 
Fig. 7b the inner-loop complex poles are at about py, 
P, = +/j2-25, where the 180° lines for the uncompensated 
system cross the imaginary axis, so that the inner loop 
may be unstable; there is also a pole on the negative 
real axis at p,. The 180° line from p, for the pattern 
Po, Pe, Ps, and the zero at the origin, is also shown. This 
line represents the variation of closed-loop poles with 


_ tacho-generator feedback. All lines intersect at p = 


—1-+ j2-5, which are the closed-loop pole locations 
originally selected. 


Velocity constant with tacho-generator feedback 
With the configuration of Fig. 7a, which gives the 
180° line from p, in Fig. 9, an increase in K, would move 
the closed-loop poles along the 180° line beyond 
— 1+ j2-5, giving higher damping and increased band- 
width. If the velocity constant is investigated the result 
may be found to be rather poor, showing a disadvantage 
in the use of excessive direct tacho-generator feedback. 
This is quite apart from the possible unsatisfactory 
transient response mentioned with Fig. 5b. 

If the configuration of Fig. 7a is considered, and an 
output shaft velocity of R radians per second is required, 
the steady error E, at the input to the forward path will 
be R/K,, but since there will also be a steady tacho- 
generator signal of K,R, the total error will be 
R(K, + 1/K,), as shown in Fig. 10. The velocity constant 
will be 

K, = (Ky + 1/Ky) 


and the value of K, may be dominated by K,, since even 
if K,- 0, K,-1/K,. For the present case, where 
81.00 6, =R rad/sec 
R/ ky 
Fig. 10 Increase in 
steady-state follow- 


ing error with tacho- 
generator feedback 


t 
K, = 5:8, K, = 0-36, these give K, = 1-9, with a limiting 
value of 2:8 if K, > 0. This situation may be improved 
by the use of acceleration feedback. 


Acceleration feedback 

Although direct tacho-generator feedback provides a 
very powerful phase-advancing effect owing to the iso- 
lated zero on the negative real axis, there is the dis- 
advantage just mentioned that the steady-state following 
error is increased owing to the signal from the tacho- 
generator. This signal may be eliminated by a CR circuit 
in the feedback path as in Fig: 11. With this arrangement, 
tacho-generator feedback will be effective only during 
output velocity changes, hence becoming acceleration 
feedback. The transfer of the complete feedback path 





Ky 





90 
e(! + pr,)(i+ere) 


Fig. 1! CR circuit in series with tacho-generator to give 
acceleration feedback 


is given by 
K,p*7, K(p® + p/K, + 1/K,7») 
T(p)=14 a 
(1 + prt») (p + 1/7») 
which can give a pattern with complex zeros with essential 
geometry as in Fig. 12, the circular 0°, 180° locus being 
centred at the pole with radius 1/r,, and hence passes 
through the origin. With this feedback pattern and a 





Fig. 12 Pattern geo- 
metry for complete 
feedback path for 
system of Fig. 11 





1/2Ke 
forward path containing an integration and two time 
constants, the general form of 180° lines might be as in 
Fig. 13a, giving the lightly damped or even conditionally 
unstable effects already mentioned for bridge networks.* 


\ 











—1/72 1/7, —1/7, 
a b 
Fig. 13 a General form of 180° lines for acceleration feedback 
system of Fig. |! 
b Form of forward 180° line for given minimum damping 
It might be required that the leading 180° line remain 
behind a given damping line (,, as in Fig. 13b, so that no 
variation of the forward-path gain K, could cause reduced 
damping for the closed-loop poles on this line. 

A graphical design to achieve this result may be 
obtained by using some of the ideas mentioned at the 
end of Part 6, as shown in Figs. 14a, b; 

a locate the point p, where the uncompensated system 180° line 

cuts the required damping line, 

b locate the compensation pole p = —1/7, so that the circular 

0° line for the feedback pattern passes through p,, and 

¢ locate the zeros, which can be positioned along the circular 

feedback locus by K,, so that the 180° line at p, is tangent to 
the ¢, line. 
The first two steps ensure that the forward 180° line for 
the compensated system passes through p,, and since 
this line terminates on the zero the final step ensures that 
jt does not cross {, beyond p,. Fig. 14b shows the effect 





* See Fig. 14a, Part 6 (June 1961). 
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of zero adjustment on the 180° line termination. In 
Fig. 15a this »*construction is applied to the system, 
considered previously, with an integration and time- 
constants 1-0, 0-2 seconds in the forward path, using 
¢, = 0-4. It is found that p, = —0-375 + j0-95, which 





\ 180° f\ 
a uncompensated 
3°2 | 
1/r, 
Qa) 
=n 
a b 


Fig. 14 a Construction to locate feedback path pole 
b General effect of zero adjustment on 180° line shape. Position 2 
is most suitable 

requires the pole in the feedback path to be located at 
p = —1:3, or tr, = 0-77, the zeros are located by trial and 
error at about —0-75 on the circle, and hence 

2K, = 1/0-75 or K, = 0-66 
With these values K, may be set to any value as far as 
closed-loop poles on the forward 180° lines are concerned. 
However there will be an additional 180° line from the 
rear pair of poles which will ultimately cross the { = 0-4 
line, and thus put a maximum value on K,. Fig. 15b 





\ Ki ~18 $-3+j7'5 


\ 
ce cae 


Kx 
-1:3 -1 | -5 -13-1 | 
a b 
Fig. 15 a Construction of Fig. 14 applied to system with forward 
path containing an integration and two time constants, 0-2, 1-0 
seconds 
b System of a showing limiting value of K, 





shows this second line crossing the damping line at 
p =~ —3 + j7‘5, corresponding with K, ~ 18, which 
represents the true value of K, since there is no steady 
tacho-generator component. 

With K, ~ 18 the poles on the forward 180° line 
are forced close to the zeros, the positions being 
p= —065+ jl-2. This situation represents an 
approach to an invariant-response system,* since the 
poles will not move greatly with variation of forward 
gain owing to the rapid change of magnitude in the 
vicinity of the zero. Also variation of the pole at p = —1 
will have only a small effect. Thus the position of the 
poles is largely determined by the zero location which is 
fixed by a substantially passive network. 


Patterns for other transfers 
Although we have been concerned mainly with pole-zero 
patterns characterizing transfers between input (0,;) and 





* See ‘ Self-Optimizing Systems ’ by A. P. Roberts, Control, May 1961. 
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output (6), other transfer: patterns can be developed 
which may be useful in design requirements. For instance 
for a system with a forward-path transfer 


6,/E(p) = KG(p) H(p) 
where H(p) is series compensation, the transfer between 
input and error is given by 
E/@{p) = 1/(1 + KG(p)H(p)) 
the block diagram being illustratéd_in Fig. 16a. For this 
transfer the entire forward path forms the feedback 
path, and hence the transfer E/@,p) will be characterized 
by* 
poles which are the closed-loop system vii 
zeros which are the poles of the path H(p)G(p) 
This may also be deduced qualitatively, since the natural 
modes of the closed loop appear at any output, and the 
poles of the forward path correspond to complex fre- 
quencies for which the loop ‘ gain ’ is infinite, so that the 
error falls to zero. There will be an equal number of 
finite poles and zeros, since E/@{p) > 1 as p > ©, and 
there will be a zero at the origin because the system aligns 
perfectly under static conditions owing to the integration. 
Figs. 16b, c, give the portion of the error transfer pattern 
in the vicinity of the origin, both for lag—leadt and 
acceleration feedback compensation, for the system 
(considered previously) with two time constants and an 
integration. 

Although both systems have similar velocity constants 
(about 20), the lag-lead has higher-frequency dominant 
poles, p = —1 + j2-5, compared with p = —0-65 + j1-2 
for the acceleration feedback. However, for precision 





b 
Fig. 16 a Block diagram for error transfer 
b Error pattern in vicinity of origin with lag-lead compensation 
c With acceleration feedback 


following at low frequencies the acceleration feedback 
system would be superior, since the error will rise more 
slowly with frequency owing to the zero at p = —1, 
compared with p = —0-1 for the lag—lead system. 
Alternatively a pattern may be established giving the 
transfer between an applied disturbance torque (T,) 
on the output shaft and the resulting shaft motion, the 
pattern indicating the stiffness of the system. If for the 
system already used 7, = 1-0 seconds is considered to be 





* See Redistribution of poles and zeros, Part 4B (March 1961 ). 
t See Fig. 10b, Part 6 (June 1961). 
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Fig. 











-0-65+jl-2 





17 a Block diagram for disturbance torque (T,) transfer 

b Disturbance torque transfer with lag—lead compensation 
¢ With acceleration feedback 
associated with an armature-controlled motor, and 7, = 
0-2 with an amplifier, the block diagram with an external 
disturbance is of the form of Fig. 17, where a, dg, a, are 
various combinations of the system parameters, and V, 
represents the voltage applied to the motor armature. 
H(p), J(p) are possible compensating and feedback- 
path transfers. 

The transfer relating shaft angle to disturbing torque, 
6,/TAp), can be deduced by the same qualitative con- 
siderations mentioned with Fig. 16, but with lag—lead 
compensation a situation which requires some care 
arises, since in this particular example one system pole, 
p = —1, and a similar compensation zero cancel. This 
cancellation is perfectly valid as far as the closed-loop 
poles are concerned. However, for the disturbance 
torque transfer this pole is in the forward path and the 
zero is in the feedback path, so there is no feedback for 
p = —1; the transfer becomes the open-loop transfer 
and the pole at p = —1 will appear in the final pattern. 
This type of complication does not arise with acceleration 
feedback where there is no cancellation. Figs. 17b, c, 
show the general form of the transfer pattern for both 
systems. In these patterns there is no zero at the origin, 
since both systems have a finite static stiffness which will 
be the same because the velocity constants are substan- 
tially identical. Although the patterns give different 
values at the origin, these will be equalized by the 
numerical factor associated with each pattern. The pattern 
value decreases as 1/p* as p > ©, owing to the two 
excess poles representing the ultimate dominance of 
inertia in the output system. With lag-lead compensa- 
tion the zero at p = —0-1 causes the output to increase 
(i.e., stiffness to decrease) for w > 0-1 rad/s, while with 
acceleration feedback the stiffness is maintained up to 
w = | rad/s. 
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These accurate and fast-responding instru- 
ments with transistor electronics were 
designed for aerodynamic research, but 
they have already proved useful in wider 



























fields of application 


Sub-miniature 


pressure and acceleration 


transducers 


by H. K. P. NEUBERT Dr-Ing, W. R. MACDONALD A.M.LE.E. and P. W. COLE 


Royal Aircraft Establishment, Farnborough 


PROGRESS IN FLUTTER THEORY DEPENDS ON MORE AND 
more accurate measurement of oscillatory aerodynamic 
force coefficients. They are essential for the safe assess- 
ment of flutter characteristics and oscillatory stability 
of modern aircraft (/, 2). Earlier experiments on rigid 
aerofoils do not provide suitable information on the 
distribution of forces on flexible wings. The present 
requirement therefore centres around the following 
three measurements: (a) displacement amplitude dis- 
tribution over the wing (mode of vibration) obtained 
from suitably located acceleration transducers; (b) 
dynamic pressure distribution over the wing; (c) phase 
relationship between (a) and (b), permitting the splitting 
of the oscillating aerodynamic force coefficients into 
their stiffness and damping components. 

Test conditions require the pressure and acceleration 
transducers to be buried in model wings, thus calling 
for a maximum transducer thickness of } in. The trans- 
ducers must measure with sufficient accuracy the 
specified pressures and accelerations over the specified 
frequency range, with a phase error which is negligible 
or, at high frequencies, predictable. Ideally the pressure 
transducer should be insensitive to acceleration and the 
acceleration transducer insensitive to transverse accel- 
eration, while both transducers should be unaffected by 
ambient temperature variations. Secondary requirements 
are reliability, ease of manufacture (low cost) and con- 
venient methods of installation in the model. Associated 


electronic equipment should be simple, cheap and 
reliable. 

The two transducers shown in Fig. 1 were designed 
at the Royal Aircraft Establishment. They represent a 
successful compromise between these conflicting require- 
ments and are believed to be improvements on earlier 
transducers for similar applications (J, 3). Besides its 








|. ONE INCH | 


Fig. | Sub-miniature pressure and acceleration transducers 


use for the measurement of oscillatory aerodynamic 
force coefficients the pressure transducer is suitable for, 
and has been successfully used in, static and (particu- 
larly) dynamic pressure plotting (turbulence) on wind 
tunnel models and in fast transient pressure measure- 
ments (shock tube). The transducer and associated 
electronic equipment are now commercially available (4). 
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DIFFERENTIAL PRESSURE TRANSDUCER 


After some abortive attempts to make variable-induc- 
tance transducers having both the required performance 
and the specified small size, the variable-capacitance 
principle proved more successful (5). Earlier experience 
with capacitance pressure-transducers for high-tempera- 
ture application (6) facilitated the development of the 
sub-miniature transducer and provided the only prac- 
ticable circuit capable of dealing With extremely small 
capacitance variations in the presence of large stray 
capacities. Another salient contribution to the success 
was the brave decision to rely on anodized surfaces for 
insulation between the minute components of the trans- 
ducer. 


Description 


The IT.4-6-37 transducer consists essentially of a dia- 
phragm unit positioned between two identical end-pieces 
which carry insulated electrodes (Fig. 2). Differential 
pressure is admitted to the diaphragm through two 
inlet pipes which can be trimmed to any convenient 
length. If they are removed completely the transducer 








7 A in.mox.-o] 


Fig. 2 Pressure transducer type IT.4—6-37. a Diaphragm. b Elec- 
trodes. c Pressure inlet pipes. d Leads (screening not shown). 
e Insulation bushes. f Four 16 B.A. clamping screws 


is only 4 in thick. The two electrodes and the diaphragm 
unit are connected by three individually-screened mini- 
ature cables which can conveniently be buried in the 
model. Various methods of mounting-the transducer 
are shown in Fig. 3. 


Associated circuit 


With a differential pressure applied to the diaphragm 
the two capacities between the fixed electrodes and the 
deflected diaphragm vary in a push-pull fashion. They 
are connected in adjacent arms of an a.c. bridge circuit 
(Fig. 4) with tightly coupled inductive ratio arms (7). 
The resulting field of the ratio arms is zero if the coils, 
carrying identical currents at bridge balance, are wound 
in opposite directions. Under these conditions the points 
A are virtually at earth potential and stray capacities 
across the ratio arms, i.e. between the connexions to 
the transducer electrodes and earth, are ineffective (6). 
(Stray capacities between B and earth are shunted 
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by the bridge-energizing source, so that the cable con- 
necting the diaphragm unit should strictly need no 
screening.) Cs swamps stray and cable capacities loading 
the bridge output. In a practical circuit it is convenient 
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to obtain the bridge output from a tertiary winding 
which is closely coupled with the ratio arms and which 
facilitates impedance-matching between bridge circuit 
and amplifier input. Since it is not practicable to balance 
the bridge initially by adjusting the ratio arms, a small 
bias voltage is fed to the tertiary winding. 


Amplifiers 


The bridge output voltage of about 100uV full scale 
is amplified by the IT.1-14—51 four-stage transistor 
amplifier (Fig. 4), with continuously-variable feedback 
control for gain setting. The common-collector output 


Capacitance 
transducer 


fae 





Carrier 
amplifier 


6eOutput+o 





Fig. 4 Pressure measuring 
system 





stage feeds into a ring demodulator which has a maxi- 
mum output of +4°5 V across a simple RC filter (source 
resistance 45002). The amplifier draws 15 mA at 12 V 
d.c. and about fifty measuring channels can be energized 
from an oscillator of 1 W output at 20 kc/s. 

For signal frequencies higher than about 3000 c/s 
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there is a second amplifier, type IT.1-15-51, with a 
carrier frequency of 400kc/s, which permits the 
measurement of fast pressure transients and high- 
frequency pressure fluctuations. 


Performance 
The transducer has a full-scale pressure range of 
+4 Ibf/in*. The non-linearity of calibration is less than 
+- 14°, and the error less than +3° of full scale. Zero 
shift and change of sensitivity with temperature are less 
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Fig. 5 Acceleration transducer type IT.6-93-1. a Multimorph 
element. b Contact tag. c Insulating strip. d Coaxial cable. 
e Two 16 B.A. clamping screws. f Two 14 B.A. clamping screws 


than 0°15°,,/degC over a temperature range of — 40 to 
+ 70°C. The effect of static or vibratory acceleration 
in a direction normal to the diaphragm is less than 0:02% 
of full scale per g, and negligible in other directions. 
With a pressure-inlet pipe 4in long the transducer 
measures static and fluctuating air pressures of fre- 
quencies up to 15 kc/s, and pressure-transients with rise 
times long compared with 10us when used with the 
400 kc/s-carrier amplifier. With extremely short 
pressure-inlet pipes pressure fluctuations up to 25 kc/s 
may be measured. 


LINEAR ACCELERATION TRANSDUCER 
Initially it was considered desirable to design a capaci- 
tance-type acceleration transducer, so that similar elec- 
tronic equipment could be used in both channels. How- 
ever, this proved unsuccessful in the required small size 
and eventually the problem was solved by a simple 
piezo-electric bender-type transducer. The sensitive 
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element is a narrow strip of polarized ferro-electric 
material, called Multimorph (8), which like the well- 
known Bimorph sandwich-type bender produces an 
electrical charge under bending stress. It can be cut to 
any required length to make a suitable cantilever which, 
in the present application, is loaded by its own distri- 
buted mass. 


Description 
In Fig. 5 the Multimorph cantilever is shown clamped 
between two halves of a metal housing. One electrode 
of the element is in contact with the (earth) potential 
of the housing, the other is insulated and connected to 
the core of a permanently-fixed length of low-noise 
cable. The connexion is supported and protected by 
epoxy resin. There is no artificial damping. 


Associated circuit 
The output voltage V of a piezo-electric transducer is 
porportional to the charge Q developed by the stressed 
sensing element, divided by the total capacitance C of 
the circuit (Fig. 6): V=Q/C (1) 
where, to a first approximation, C is the sum of trans- 
ducer capacitance Cr and cable capacitance Cc. Also, 
for good low-frequency response, the time constant 

T = CR (2) 
Should be large. However, from equation 1, large 
values of C lead to low output voltages, hence the 
tendency to employ in piezo-electric circuits cathode 
followers or electrometer valves with extremely high 
input-impedances. 


Amplifier 

The high-impedance input stage is followed by a con- 
ventional a.c. amplifier (Fig. 6) with output character- 
istics suitable for photographic or magnetic recording. 
The natural frequency of the transducer at about 23 kc/s 
is normally well above the frequency range of the 
recording medium. In exceptional cases of fast-transient 
tests and cathode ray tube recording, an output filter 
with a suitable cut-off frequency may be required. 


Performance 

The sensitivity in the working direction of the IT.6-9-31 
transducer is approximately 0°5 pC/g, or 05 mV/g, 
with 4 ft of low-noise cable attached. With acceleration 
applied in a transverse direction the output is less than 
3°% of the output from the working direction. The error 


of calibration, less than +3°%,is independent of range.. 


The transducer can stand accelerations up to at least 
+ 1000 g. The lowest natural frequency occurs at about 
23 kc/s and the response is flat up to about 8 kc/s. The 
piezo-electric material employed in the sensing element 
(lead zirconate-titanate) has temperature coefficients of 
charge sensitivity and capacitance of similar magnitude 
(about + 0°15°%/degC) which tend to cancel with respect 
to output voltage (see eq. 1). The useful temperature 
range is —40 to + 200°C, with high-temperature cable. 
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Impressions of Achema 





: / by LAWRENCE SHAVICK B.Sc., A.R.CS., Griffin & George (Sales) Lid 


THE ACHEMA EXHIBITION WAS HELD IN FRANKFURT AM 
Main from 9 to 17 June, in conjunction with the Euro- 
pean Convention of Chemical Engineering, and several 
other important scientific events. Achema is held every 
three years and has become the largest and most impor- 
tant exhibition of its type in the world. This year,.no less 
than 1400 exhibiting members from seventeen countries 
were accommodated in twenty-three halls. Visitors to 
the exhibition, and there were at least 100,000 of them 
from nearly sixty countries, were, in addition, confronted 
with a highly organized program of films, lectures (160 
in eight days) and works visits.. Such a vast number of 
things to see and do presents a considerable challenge to 
the visitor’s mental and physical stamina. One begins 
to wonder: whether in these days of specialization, a 
series of smaller exhibitions would provide the informa- 
tion in a more digestible form. However, all the 
activities were divided into groups. one of which was 
conveniently headed * Measurement, control and auto- 
mation techniques.’ 


Practical aspects emphasized 

The first five afternoons of the convention were devoted 
to lectures under the main group heading, and covered 
such topics as automation and control, determination of 
flow and particle size, spectroscopy, gas chromato- 
graphy and, finally, electrochemical methods of measure- 
ment. As might be expected, the emphasis was on the 
practical rather than the theoretical aspects. 


The exhibition 

The chemical industry appears to be entering a new 
phase which presents two special problems. First, the 
considerable shortage of skilled personnel; and secondly, 
increasing price competition in world: markets. If a 
company is to remain competitive it must, therefore. 
reduce its manufacturing costs without detriment to the 
quality of its products. 

Fortunately, the solutions to both problems are the 
same: the application of automatic techniques involving 
the continuous control of industrial processes. This 
results in more efficient use of personnel, greater unifor- 
mity of product and, incidentally, increased-safety. The 
demand for economy also results in equipment which is 
robust, simple and requires the minimum of main- 
tenance, but is capable of extreme precision. 

The heading * Measurement, control and automation 
techniques’ covered an extremely wide range. There 
were few completely new methods or instruments, and 
it seems that the period since the last Achema has been 
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one of consolidation and improvement. There appears to 
be considerable awareness, even on the part of manu- 
facturers of system elements, of the importance of 
integration into a control system as a whole. Accord- 


ingly, much instrumentation is being built in modular, 


or building block, form with the emphasis on versatility. 


. Measurement 


It now appears that there is no longer any parameter of 
a system which cannot be measured by commercially 
available apparatus. Instruments are available for a 
wide range of applications, including gas and liquid 
flow-rates, temperatures and pressures; metal thickness 
and density; and fluid levels, conductivity and pH value. 
Many of these sensing devices have been ‘ ruggedized ° 
and are frequently in packaged form with their own 
indicating and recording systems. Some equipment has 
digital read-out, or output suitable for controllers. 

The most notable advances are in the promotion of 
certain laboratory techniques (particularly gas chroma- 
tography) to the ranks of industrial process instrumenta- 
tion. Quantitative and qualitative analysis of multi- 
component streams is now accomplished automatically 
in as little as twenty seconds. 


Control 

Control techniques were well represented, and it is 
interesting to note that pneumatic equipment is still 
being developed and improved. It is obvious that such 
systems are able to compete successfully with purely 
electrical installations, on the grounds of reliability and 
low initial cost. Once again packaged units were offered 
with provision for built-in feedback. 


Systems 
Several companies showed examples of how automation 
may be taken to its logical extreme by the use of digital 
and analogue computers for overall supervision of com- 
plex systems. These were presented in conjunction with 
a complete chain of control, from sensing and measuring 
devices to the process regulators. At least one European 
company showed how the economic aspect of optimum 
plant operation may be considered by feeding such con- 
trollable variables as temperature, levels, pressures and 
flows, into a simulator, together with the measurable 
output parameters such as concentration and purity. 
By this means, taking due account of fluctuations in 
the independent and uncontrollable variables (ambient 
conditions, for example), a better compromise between 
the quality of the products and their cost is possible. 
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Last month’s international conference in London 


PART 1 broke through a number of the conventional subject-boundaries. 


The leading items of control engineering interest 


are selected in this report 


Components and materials 
in electronic engineering 


by G. L. ASHDOWN 1.C.M._E. (Brussels), M.LE.E., F.Inst.P. 


Battersea College of Technology 


IN HIS OPENING ADDRESS SIR WILLIS JACKSON REFERRED 
to the dilemma in which engineers found themselves 
owing, on the one hand, to the rapid developments 
which made it difficult to keep up to date without 
severe specialization, and, on the other hand, to the 
greater contemporary interaction between branches cf 
science as far apart as engineering and chemistry. This 
point was forcibly brought home when some 115 papers 
were subsequently presented. For all but a few papers 
the rapporteur system was adopted. This gave excellent 
results where full papers were provided, but was less 
successful when only brief summaries were available. 
It is not possible in this short report to do justice to 
all the sessions. The sessions on microwave ferrites, 
piezo-electric, ferro-electric and magnetostrictive 
materials, dielectrics and r.f. cables will have to be 
omitted, and the discussion will generally be given more 
prominence than the papers. 


Resistors 

The first technical session was devoted to resistors. 
Several different methods of manufacture were given 
for composition (cracked-carbon, carbon and metal 
film potentiometers). There was little development of 
wire-wound resistors to report. There appears a possi- 
bility of better tolerances for standard wire gauges 
and the use of glass-coated wires. More than one con- 
tributor suggested quality control as a means of elimi- 
nating certain failures. Large numbers of resistors have 
been tested and one of the papers (Miller, Hales and 
Gallagher) gave a very comprehensive table which 
showed that the highest failures appeared in the high- 
resistance value, grade-1 carbon resistors, amounting in 
the worst case to 7°8%. The oxide film resistor, on the 
other hand, showed not only a very low failure rate, 


but practically no resistors outside the limits after 
climatic cycling. Overall, the results showed that the 
resistors could be classified in order of reliability as 
follows: oxide film, carbon composition, metal film, 
wire-wound, cracked carbon. Valuable data on long 
term stability were given in a paper by Church. 

There was much discussion relating to the effect of 
corrosion under d.c. conditions, and in spite of many 
differences of opinion it appeared that there was 
evidence of increased corrosion. As regards the use of 
resistors under transient conditions, it was shown in 
one of the papers (Burkett) that the voltage gradient 
is nearly always the main limiting factor. For example, 
with a resistor of 100Q pulsed at lus, a power of 
approximately 50 kW could be dissipated, but that the 
voltage gradient which should be limited to 1000 V/in 
reduced the possible power to little more than 1 kW. 


Only with resistors below 100Qand pulsed at rates. 


greater than 10us did the power dissipation become 
important. 

A number of contributors mentioned the presence of 
small numbers of resistors for which the pattern of 
failure did not seem to agree with the overall distri- 
bution. Thus a histogram would exhibit a pronounced 
peak together with a number of samples appearing 
well away from the main peak. These results were 
attributed to possibly faulty end-caps, cracks, crystalliza- 
tion, or local bad film formation, and were generally 
termed ‘ rogues’. Much discussion centred round this 
aspect, but the majority opinion was that these rogues 
do exist. 

The discussion on variable resistors centred largely 
round the question of noise, and the causes were well 
presented in one paper (Jones) Methods suggested for 
eliminating the noise included contactless variable 
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resistors using photosensitive methods, but these do not 
appear to have been fully developed. Much less infor- 
mation than would have been expected was given on 
evaporated film potentiometers. 


Magnetic materials for data storage 

One of the sessions was mainly concerned with magnetic 
materials for data storage, and the rapporteur, after 
summarizing storage requirements and characteristics, 
classified magnetic storage into two categories, namely, 
static (matrix) and moving magnetic material (drum or 
tape), the latter giving greater density. The paper. on 
the design of recording heads for magnetic-drum 
storage (Ball, Wright, Hood and Butcher) produced 
an interesting flux diagram showing the very large area 
of magnetization obtained with a gap as small as 
0001 in. The same diagram emphasized the fact that 
there is no point in producing a head with a small gap 
if the distance between a head and the recording 
medium is large. The packing density is determined 
largely by mechanical limits and the figures which are 
quoted must take into account reliability and cost. In 
an attempt to reduce the distance between the head 
and the track, a lubricated track with a head in contact 
has been used, but speeds are considerably lower than 
those used with normal’ recording drums (6 in/s). 
Under these conditions the results are good, but it was 
doubted whether the method would be suitable for very 
much higher speeds. A paper on magnetic film storage 
(Callaby) gave an excellent review of thin-film materials, 
including an analysis of the mechanism of flux reversal. 
The presence of anisotropy resulting in two distinct 
directions (easy magnetization and hard magnetiza- 
tion) was originally an undesirable property, but it has 
subsequently been put to use by noting that less field 
strength is required in the easy direction in the presence 
of magnetization in the hard direction. Two other 
papers dealt with nickel-iron tapes (Wilderspin) and 
tolerances (Williams). 

One paper proposed standardization of synchros and 
servo-motors (Woodford) and another described a most 
interesting development of the size-18 synchro to give, 
in a single element, coarse and fine measurement by 
the use of two-pole and 22-pole windings. An accuracy 
of +30" is claimed. 

The use of twin elements to overcome misalignment 
of the preferred direction was described. 

In the discussion there was some difference of opinion 
regarding the relative merits of * spots’ and ‘ areas” on 
thin-film elements. In his paper Callaby favoured areas 
on the basis that the problems are accentuated when 
using spots, whereas there is no difference in perfor- 
mance (e.g. speed): Experience had shown that there 
was less interference between areas than expected. He 
admitted, however, that the large boards predicted in 
his paper from U.S. information had not materialized. 

The large acceptable tolerances to give satisfactory 
selection when using thin-film storage units were 
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criticized. It was thought that a selection of a single 
word rather than of a column would entail much closer 
tolerances than those stated. For large units it was sug- 
gested that coherent rotation would be too costly and 
that domain wall movement would be better. 

One speaker suggested that the method of prepara- 
tion was the factor that controlled speed, and not the 
thickness, but this was categorically denied. 

Regarding substrate materials, glass and aluminium 
had been used satisfactorily except that for aluminium 
the thickness of anodizing affects the magnetic proper- 
ties, and in one case magnetism was almost non-existent. 
‘Mica had been tried with some success. Nickel-iron 
had been deposited on copper rods 0°23 cm in diameter 
and 3cm long. Alignment is along the axis, the loop is 


.very square and a coercivity of 2 to 3 oersteds if just 


saturated and 3 to 4 if well saturated. The coercivity 
can be held to + 10% and the remanence to + 15 

For thicknesses greater than 2 um the squdreness falls 
off. Deposition on gold gave an easy direction coer- 


. civity of less than 1 and a hard direction coercivity 


of 7 for thicknesses up to 10,000 A. A sandwich film of 
aluminium-nickel-iron—aluminium was suggested but 
diffusion difficulties during annealing have been en- 
countered. Electrodeposition of nickel-iron on copper 
with subsequent removal of the copper is another 
method suitable for small quantities, but the final pro- 
duct is difficult to handle. 


Capacitors 

Of the ten papers introduced in the session on capacitors, 
one dealt with miniaturization in the United States 
(McLean), recent development on ceramic capacitors in 
this country (Blowers, Hurry and Welsby) and some 
developments of paper capacitors in the U.S.S.R. 
(Renne). The rapporteur for this session had prepared 
a most extensive table showing the performance and 
characteristics of a very wide range of fixed capacitors. 
This table should form a good basis for filling in some 
of the gaps in our present knowledge, and it is hoped 
when it is published that both manufacturers and 
users will pay particular attention to it. 

An additional paper (Renne—U.S.S.R.) was pre- 
sented: According to the rapporteur it did not contain 
any new information, except that it had been found 
that when castor oil was used with paper dielectric 
capacitors a layer of polymerization products appeared 
on the electrodes. This layer only forms at high volt- 
age and high temperature and in the absence of oxygen, 
and was found to give a better life than petroleum jelly 
under d.c. operation at 85°C. It was confirmed in the 
discussion that castor oil was the best material for sub- 
merged repeaters, although these operate at a low 
constant temperature. 

A lot of the discussion centred round the isolated 
performance figures that were given, but these need to 
be properly correlated before comments can be passed. 

To be continued 














































A film transport 
servo system 


by J. GILPIN, Evershed & Vignoles Ltd 


IN THE COURSE OF INVESTIGATION INTO HIGH-ENERGY 
nuclear physics, a vast quantity of photographic film is 
used to record the transient phenomena of particles in 
a bubble chamber. The paths of the particles are photo- 
graphed from three positions simultaneously, and the 
three photographic records must be analysed to establish 
the true path in space taken by a particular particle. 

To do this a special machine has been designed which 
is capable of following the trace automatically and 
measuring its co-ordinates to an accuracy of + lum. 
Any three relevant exposures may be displayed at four 
or nine times magnification on an auxiliary viewing 
screen, and a small area of the film may be viewed at 
thirty times magnification on a second screen. This area 
is indicated by a black ring on the normal viewing 
screen. 

The measurements are carried out by clamping the 
film pneumatically to a measuring table and moving 
this by means of hydraulic servos under an optical 
scanning device. An electronic computer stores in- 
formation from a Moiré fringe measuring system, and 
when all three traces have been measured this informa- 
tion is used to compute the true path. A special 70mm 
film is employed with frames 200mm long, the total 
film length extending up to 1000ft. 

The problem was to devise a fairly complex film- 
transport system in order to minimize the time taken 
in frame selection and initial positioning before 
measurements can be made. The use of a complex, and 
consequently costly, transport tape mechanism of the 
type used for computer data storage, was felt to be 
undesirable. 

As in one film length of 1000ft a single frame only 
may be of interest, it is necessary to bring this frame 
to the viewing screen within a reasonable time. This 





entails a fairly high spooling-speed, and originally a 
linear rate of 120cm/s was specified. This, however, is 
too high for frame selection and positioning, and con- 
sequently these functions are performed over the much 
reduced speed range from 10-O0cm/s. 


The choice of servo-motor 

It was originally suggested that each film-storage spool 
should have its own drive motor, operating as both a 
torque motor and a spooling motor. A capstan motor 
was considered most suitable for positioning, this being 
arranged to drive the film at a variable controlled speed, 
the final positioning being made visually from a mag- 
nified image on a screen. A positioning accuracy of 
05mm was expected, i.e. an accuracy of one part in 
400 for each frame. 

The designers had to bear space limitations in mind, 
for three film-transport systems are arranged side by 
side. This limited the choice of motors and associated 
gearing. Amongst other systems considered was the use 
of a single set of drive motors only, these operating any 
one of the three systems through electromagnetic 
clutches. The space saving so achieved, however, was 
found to be relatively small, as a larger motor would 
have been needed to drive all three film transports 
simultaneously. The use of three independent systems 
was therefore decided upon. 

An a,c. multi-pole three-phase induction motor is used 
to provide the spool drive, both for the purposes of fast 
film transport and as torque motor. This is an Evershed 
& Vignoles FE type de-rated for the stalled condition. 
The choice of the capstan motor to drive the film at 
the lower controlled speeds (down to zero speed), and 
also to position the frame in the viewer, was a critical 
one. In principle, an ‘M’ type motor and transmitter 
would have offered the ideal solution provided that there 
was sufficient gearing to reduce the step-by-step rotation 
to acceptable limits. This system was rejected because 
step-up gearing required in the transmitter in order to 
obtain a reasonable film movement for a given rotation 
of the control handle, was limited by the resulting in- 
crease in torque required due to friction of the trans- 
mitter brushes. In addition, as this type of rotary 
control design does not bear a direct relationship to 
the direction of the film movement, it could not easily 
be incorporated into a joystick control. 

An a.c. servo-motor-generator with control amplifier 
was therefore chosen for the capstan drive. Of the FAF 
type, this gives smooth film-drive at very low speed, 
and operates from a transistor amplifier with integral 
power supply. The power transformer which supplies 
the motor and generator reference phases, has an 
auxiliary winding to supply the various potentiometers 
incorporated in the joystick control, as shown in Fig. 1. 


Capstan-diameter problems 

The capstan-diameter and gearing for the servo-motor 
is a compromise as, for accurate positioning, a small 
capstan-diameter and/or large gear-ratio is desirable, 
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whilst for the higher film-transport speeds, a large 
capstan-diameter and/or low gear-ratio is preferable. 

A large capstan-diameter is also preferable for fast 
acceleration and deceleration, since a small-diameter 
pulley might slip on the film surface. This is important 
because the film has no sprocket holes and the friction 
drive must act on the outer edges of the film only, any 
contact with the film surface resulting in scratches com- 
parable in size and shape with particle traces. In evalu- 
ating these complicated demands, space was the deciding 
factor, and the final film-transport servo system employs 
a reduction ratio of approximately 3:1 from servo-motor 
to capstan. Thus, taking into consideration the capstan 
diameter of approximately 14in anda linear speed of 
120cm/s, the servo-motor is allowed to operate at a 
maximum speed of 1800 rev/min which coincides with 
maximum power output. 


Assessing the system 

A laboratory model was made in order to assess the 
operational aspects. A length of several hundred feet 
of film was obtained, and as the system is capable of 
dealing with up to 1000ft, the inertia of a loaded spool 
was simulated in order to establish over-run character- 
istics and to make acceleration tests. The spools were 
coupled directly to the driving shafts of the two 
motors which were run at a reduced voltage for the low 
positioning speed, whilst for high speed, the take-up 
spool motor was connected to the full voltage, the feed- 
spool motor to reduced voltage, and the servo-motor 
operating the capstan was de-energized. However, 
further tests established that by using the servo-motor 
for driving at both low and high speed, and empjoying 
the spool motors as torque motors only, a more accept- 
able performance was obtained. 

In the production model the positioning speed is 
proportional to the magnitude of the deflection of the 
joystick, whilst the direction of filnt movement is a 
function of the direction of deflection. By moving the 
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Fig. | Basic arrangement of 
prototype film-transport 
system. A manually operated 
joystick operates potentio- 
meters to control (via a tran- 
© 230V, SOc/s sistor amplifier) the a.c. servo- 

motor-generator driving the 
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tty capstan which positions the film. 


joystick fully over in the appropriate direction, the high- 
speed film-transport is brought into operation. In order 
to reduce any over-run when returning to the low 
positioning speeds, a 4:1 reduction gear ratio between 
torque motor and spool has been introduced which 
reduces the spool inertia reflected to the motor shaft by 
a factor of 16. 


Spool-diameter problems 

The change in spool diameter caused by winding and 
unwinding the film, creates a further complication. In 
general, space limitations make the smallest possible 
spool diameter desirable, but when 1000ft of film are 
loaded on to a hub diameter of Sin, the outside diameter 
is llin. When the spool is almost empty, the torque 
motor thus exerts a linear force on the film through 
a moment of 2}in; when the spool is full, the moment 
is 54in, and the same motor torque thus imposes a 
much smaller linear force on the film. This relationship 
changes throughout the transfer of film from one spool 
to the other. In principle a steplessly variable control 
of the torque-motor supply would solve the problem, 
but this involves complication. In the actual production 
model, the change in linear force was overcome by 
changing the hub diameter to 9in thus resulting in a 
loaded diameter of 14in and thereby reducing signifi- 
cantly the change in diameter during film transport. The 
torque motor characteristic, having a negative slope, 
also assists in reducing the variation in linear force. 

The film-transport machine also embodies a three- 
phase reluctance type synchronous two-pole motor of 
the FE type, which rotates a prism in the optical scan- 
ning device. 

The author wishes to thank Professor C. C. Butler 
of the Imperial College of Science and Technology, 
London, and P. B. Zingel of Beds. and Herts. Drawing 
Services Ltd, the design consultants, for information 
provided during the preparation of this article. 
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monthly review —under basic headings—of the latest control 
engineering developments for all industries; especially edited for busy 


technical management, plant and production engineers, chemical en- 
gineers, etc., who are not specialized in instrument and control systems 
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..- to CONTROLLERS 


Pneumatic controller with electrical 
input 

In control schemes which are complex 
or where long transmission lines are 
required, it is now generally accepted 
that a standard transmission signal is 
desirable. The basic detecting device 
is normally connected to a local trans- 
mitter, which provides either an elec- 
tric or pneumatic output within a 
standard range. This signal is then 
used to operate receiving equipment, 
which usually includes a controller 
and one or more indicators or re- 
corders. For small schemes, conversion 
to a standard transmission signal does 
not have the same attraction, as it may 
only increase cost. In such cases it 
simplifies the system if the output 
from the detecting device can be taken 
directly to the controller. There are 
other applications where this arrange- 
ment may be advantageous, if a local 
controller is required independent of 
indicating equipment. 

A new controller by Siemens Halske 
is designed to operate in this way from 
all common forms of electrical detec- 
tor (e.g. thermocouples, resistance 








Desired value 
setting 






Input to 
controller 


Resistance 
thermometer 


Fig. 1.1 Input circuit for use with resistance 
thermometer 


thermometers and strain-gauges). The 
input is taken, without amplification, 
to an electrical comparator circuit 
where it is compared with the desired 
value. A number of such circuits is 
available to suit the various detecting 
elements, each circuit being supplied 
as a plug-in unit. The current output 
from the comparator circuit, which 
represents the deviation, produces a 
magnetic force input to the pneumatic 
controller mech&nism. As the initial 
measured variable signal is normally 
at a very low level, and there is no 


Fig. 1.2 Schematic 

diagram of  con- 

troller. The input 

from the circuit of 

Fig. 1.1 is applied to 
the coil E 


electrical amplification, this input 
force is necessarily very small. Certain 
departures from conventional design 
have been made in the pneumatic 
mechanism to accommodate the low- 
power input. 

Most of the plug-in comparator cir- 
cuits are in the form of simple elec- 
trical bridge networks which are 
balanced when there is no deviation. 
A typical example, for use with a 
resistance thermometer, is shown in 
Fig. 1.1. The desired value is set by 
adjustment of the resistances of the 
two upper arms of the bridge, and the 
deviation signal is represented by the 
current in the line PQ. This current 


is passed through the coil E (Fig. 1.2). 


Reaction between the magnetic field 
of the magnet M and that due to the 
current in E produces a force on the 
arm A. This force corresponds to 
the deviation in magnitude and direc- 
tion. 

The arm A is pivoted at H, and its 
movement is restrained by the spring 
D; attached to A is the vane V, which 









Proportional! 
band 
adjustment 


Se deny 


To regulator 


Supply 
—_—_" 
controls the flow of air from the 
nozzle N, to the nozzle Ne, and con- 
sequently the pressure applied to the 
diaphragm J. Pressure changes applied 
to J are amplified by the nozzle Ns, 
supplied via the restriction S;. The 
restriction S$, and the release valve F 
restrict and stabilize the supply to N1. 
It is claimed that the relationship be- 
tween the current E and the pressure 
in the line supplying Nz is almost 
linear. 

The part of the pneumatic system 
described so far produces a pneumatic 
signal highly sensitive to changes in 
deviation, without imposing any ap- 


‘preciable load on the arm A. The 


remainder of the pneumatic circuit 
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follows the conventionally accepted 
principles of pneumatic controllers. 
The pressure, p; behind the nozzle 
N; is applied to an air relay K, pro- 
ducing an adequate supply of air at 
the same pressure p to operate the 
regulator and _ feedback bellows. 
(Siemens state that in many cases, 
where changes in the measured vari- 
able take place slowly, the final air 
amplifier K may be omitted.) Control 
signal feedback to the arm A is via 
the bellows-positioned beam G, a pro- 
portional-band adjusting linkage, and 
the spring D. It will be noted that, in 
common with many other modern 
pneumatic controllers, a portion of 
the proportional feedback by-passes 
the derivative resistance Rp, to operate 
a subsidiary bellows inside the main 
proportional bellows Cp. 


...- to BEARINGS 
Magnetic repulsion to replace thrust 
bearing 
Wear on the bearings of the mech- 
anical integrating mechanism "is 
claimed to have been substantially 
reduced in a new Sangamo Watt-hour 
meter. This meter follows fhe conven- 
tional pattern, having the integrating 
disk rotating about a vertical axis. The 
side loads are negligible in this 
arrangement, wear and consequent 
loss of accuracy being normally caused 
by the thrust load on the lower pivot. 

Thrust in the new design is taken 
by the mutual repulsion of two 
barium-ferrite ceramic magnets, as 
shown in Fig. 2.1. These magnets are 
sufficiently powerful to maintain a gap 
of about 7 in between the revolv- 
ing and stationary surfaces. There is 
thus no danger of the clearance space 
being fouled by magnetic particles. 
Also, being ceramic, the magnets do 
not corrode. Sangamo state that they 
expect the life to be at least twice that 
of the former jewel and pivot bearings. 






Rotating disk 


Magnets 


Fig. 2.1 Magnetic thrust bearing 
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_Measuring element 


...to FLOW 
Developments in magnetic flow 
measurement 
The magnetic method of flow 


measurement has the well-known ad- 
vantages that the measuring element 
presents no restriction to the fluid, is 
unaffected by the presence of solids or 
turbulence, and provides an output 
which is linearly related to flow. The 
used for this 
method has remained basically un- 
changed since its introduction. Most 
of the difficulties associated with mag- 
netic flow measurement are concerned 
with the transmission of the output 
signal. These difficulties arise because 
the output is necessarily a.c., and be- 
cause the liquid, which normally has 
a high resistance, forms part of the 
measuring circuit. Two recent de- 
velopments on the transmission side of 
magnetic flowmeters are described 
here. The first, introduced by Fischer 
and Porter, extends the application of 
these meters to low-conductivity 
liquids. The second, designed by 


Non-conducting 





Fig.3.1 Measuring element of conventional 


magnetic flowmeter 


George Kent, is a converter having no 
moving parts, which produces d.c. 
from the a.c. output of the meter. 


Low conductivity system 
The applications of magnetic flow- 
meters have so far been limited to 
liquids of relatively - high electrical 
conductivity. The lower limit of con- 
ductivity quoted for satisfactory 
operation varies somewhat between 
manufacturers, but is usually in the 
neighbourhood of 20 micromho/cm. 
The magnetic flowmeter works on 
the princtple that an e.m.f., propor- 
tional to the velocity of the fluid, is 
induced in the fluid as it passes 
through a magnetic field. The conven- 
tional arrangement is shown in Fig. 
3.1. A non-conducting section is built 
into the pipe through which the fluid 
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is passing. The fluid is subjected to an 
alternating field while in this section, 
and the resulting e.m.f. developed in- 
side the fluid is picked off by contacts 
built into the walls of the pipe. The 
supply to the field winding has to be 
a.c., because of polarization troubles 
which occur if d.c. is used. It is im- 
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Current adjustment 


transformer 


Reference 
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A.C. 
~ supply ~ 


Fig. 3.2 Circuit of self-balancing mechan- 
ism of conventional magnetic flowmeter 


practicable to stabilize this supply, 
and any variations in it cause similar 
variations in the output e.m.f.: it is 
usual, therefore, to adopt a potentio- 
metric method of measurement as 
shown in Fig. 3.2. In this arrangement, 
a reference voltage proportional to 
the strength of the magnetic field is 
developed across a slide-wire S by 
means of a current transformer con- 
nected in series with the field winding. 
The slide-wire contact is adjusted by 
a servo-motor until a feedback voltage 
derived from the slide-wire, and intro- 
duced via the balancing transformers 
T, and T2, is made equal to the flow- 
meter output e.m.f. The position of the 
contact is then related accurately to 
the rate of flow, and is independent of 
changes in the supply voltage. 

The most critical part of this system 
is the input circuit shown in simplified 
form in Fig. 3.3. R is the effective 
resistance of the fluid between the 
two contacts, and C represents the self- 
capacitance of the cable and rebalanc- 
ing transformers. The difficulty of 
measuring the flow of low-conduc- 
tivity liquids arises from the fact that 


Levee] 


Ty 







“ 2 
Flowmeter 


™~, output 
e.m.f. 






Fig. 3.3 Equivalent circuit. R represents 


the fluid resistance and C the capacity of the 
cable and balancing transformers 
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R may be in the order of megohms 
if the conductivity is very low. As a 
consequence, even very small values 
of C rotate the signal vector suffici- 
ciently to create a substantial compo- 
nent which is in quadrature with the 
a.c. reference. This component cannot 
be nulled by the in-phase feedback 
signal, and may saturate the amplifier. 
If the servo-motor is incorrectly 
phased, it will be driven by the quad- 
rature signal and so give rise to an 
error in measurement. Furthermore, 
any quadrature component which is 
generated within the flowmeter itself 
(e.g. by unwanted coupling between 
the magnetic field and the connex- 
ions to the poles) is rotated by R and 
the shunt capacitance, and adds some 
in-phase component to the true signal, 
again causing an error in the measure- 
ment. 

The solution to the problem is to 

}<—_—_——— 2O ft maximum —_—__» 




















Differential 
pre-amplitier 


Fig.3.4 New system for low-conductivity 
liquids 

reduce the cable and transformer 

capacitance to zero, and suppress any 

quadrature component generated with- 

in the flowmeter. Fig. 3.4 shows how 

Fischer & Porter have done this. 

A differential pre-amplifier and the 
rebalancing transformers are mounted 
within 20ft of the flowmeter. This 
reduces the cable length and hence its 
capacitance to a low value. In addi- 
tion, a special type of cable is 
employed, in which each conductor is 
surrounded by two concentric screens. 
The outer screens are earthed in the 
usual way, but the inner (guard) 
screens are driven at the same poten- 
tial as the inner conductors by the 
rebalancing voltages. In consequence, 
no currents flow through the cap- 
acities between the conductors and the 
inner screens, and their loading effect 
on the source is zero. The guard 


Quadrature 
feedback 
.— 


in-phase feedback 
+ 


EQUIVALENT CONVENTIONAL 





Fig. 3.5 Principle of d.c. 
converter, shown working 
with a conventional bal- 
ancing mechanism 


A.C. 
amplifier 


input 
signal 


Ri 


screens are in practice slightly over- 
driven to neutralize the transformer 
self-capacitance as well. The amplifier 
is transistorized, having a low noise 
and a high input impedance. 

In the system as described so far, 
neutralization of cable and _trans- 
former self-capacitance is obtained for 
in-phase inputs only, not for quadra- 
ture inputs. A second servo loop is 
therefore used to ‘ back-off ’ any quad- 
rature input signal and drive the inner 
screens at the corresponding quadra- 
ture voltages. This loop comprises the 
second servo-motor Me, connected so 


A.C. 
reference 






as to respond to any amplified quad- 
rature component, and a second slide- 
wire S». The quadrature feedback 
signal is derived from the a.c. refer- 
ence signal, and is therefore accurately 
phased. It thus contributes no in-phase 
signal and cannot give rise to any 
error in measurement. The resulting 
system is stated to measure the flow 
rate of liquids whose conductivity is 
as low as Ol microhm/cm to an 
accuracy of 1% of full scale flow. 
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transformer 
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and 
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supply 


Fig. 3.6 D.C. converter with solid-state potentiometer : 
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D.C. converter 


It has already been pointed out that 
the rate of flow through a magnetic 
flowmeter is given by the ratio of the 
meter output voltage to the current 
in the field winding. The usual method 
of measuring this ratio is as described 
in the system above, i.e. by a self- 
balancing electromechanical a.c. servo- 
system which drives the recorder or 
indicator. If d.c. output 1s required, 
e.g. for long-distance transmission, the 
servo-system is normally coupled to a 
displacement transducer. This method 
is complex, and the Kent method 
described here achieves this conversion 
more neatly without moving parts. 
The principle of the method is to 
supply a solid-state potentiometer 
simultaneously with a.c. and d.c. The 
a.c. output from the potentiometer is 
used to balance the a.c. signal from 
the meter, and the d.c. output, which 
is necessarily proportional to the a.c. 
signal, is used for transmission. This 
principle may be seen from Fig. 3.5, 
in which, for simplicity, the solid-state 
potentiometer has been drawn as a 
normal electromechanical potentio- 
meter. Here a proportion of the a.c. 
feedback, depending on the values of 
R, and R2, is compared with the input 
signal, and any difference signal is 


amplified and re-positions the poten-, 


tiometer in the usual way. The d.c. is 
blocked by the capacitor C, and has 
no effect on the a.c. amplifier. This 
d.c. signal, which being dependent on 
the position of the slider is propor- 
tional to the a.c. feedback, is applied 
to the d.c. amplifier and provides the 
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output signal. The a.c. component is 
earthed through the capacitor C, and 
does not. influence the d.c. output. 

In practice a ‘thermistor potentio- 
meter ’ is used in place of the electro- 
mechanical system shown in Fig. 3.5. 
This device is shown in Fig. 3.6, which 
is a more complete schematic diagram 
of the magnetic flowmeter system. The 
amplifier and demodulator supplies 
current to the heaters H, and Hz, 
which are heated differentially in a 
manner dependent on the magnitude 
and phase (i.e. the direction of error) 
of the error signal. Thus for an error 
signal in the appropriate direction, the 
resistance of thermistor S$, increases 
and that of S, decreases. The point P 
is therefore the electrical equivalent of 
the mechanical slider in the conven- 
tional potentiometer. . 

The characteristics of the thermistor 
are not critical if the gain of the a.c. 
amplifier is high. The complete system 
includes a further thermistor potentio- 
meter* for the suppression of quadra- 
ture signals, but makes no other 
special provision for measurement of 
low conductivity liquids. 





* This circuit is described more fully on pp. 102-3 of 
Control, April 1961. . 


-.- to TRANSHUISSION 


Two-wire d.c. system 


A system for transmitting process 
measurements over relatively long dis- 
tances, using only two wires between 
the measuring device and the receiving 
equipment, has recently been intro- 


Fig. 4.1 Simplified 
diagram of two-wire 
transmission system 


duced by Honeywell Controls. A 
standard transmission signal of 
4-20 mA is used. Measurements are 
first converted to a mechanical force, 
and this force forms the input to a 
transmitter which is standard for all 
variables. No separate power supply 
is required to operate the transmitter, 
as the necessary electrical energy is 
derived from the transmitted signal. 
The system is particularly advanta- 
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FORCE BALANCE UNIT 


geous for measuring variables (such 
as pressure) which give a direct force 
output from the measuring element. 
Applications are not confined to such 
variables, however, as clearly other 
forms of converter may be used to 
produce the input force. 

Fig. 4.1 shows the basic parts of the 
system. The input is represented by 
the pressure in the bellows B. The 
force exerted by B is balanced by the 
magnetic force due to the electromag- 
net M. The d.c. output signal passes 
through the energizing coil of M, so 
provided the beam is balanced, the 
output will be proportional to the 
force input. Balance is achieved by 
the detector coil D working in con- 
junction with a transistor oscillator T. 
Continuous oscillation is generated by 
a tuned circuit, capacitance-coupled 
between the base and the collector of 
the transistor. The amplitude of the 
oscillation depends on the inductance 
of the coil D, which in turn depends 
on the air-gap between its ferrite core 
and the corresponding ferrite plate on 
the balance beam. T is biased so that 
it passes d.c. pulses (from the d.c. 42V 
supply) during part of the oscillating 
cycle, the amplitude of these pulses 
being proportional to the amplitude of 
oscillation. These high-frequency d.c. 
pulses are smoothed before being 
transmitted to the receivers. The 
sequence of events following an in- 
crease in the input force-is therefore: 
air-gap increases, inductance of D 


RECEIVERS AND POWER SUPPLY 












ees 
; OSCILLATOR 
decreases, amplitude of oscillation in- 
creases, amplitude of d.c. pulses passed 
by T increases, and hence the pull of 
M is increased to restore balance of 
the beam. 
Thus a dc. signal, which is cali- 
brated to the. range 4-20 mA for the 
range of the process variable being 







IDEAS APPLIED... . 










measured, is obtained from the force 
input, and may be used to operate the 
required receiving instruments. The 
system can accept external load resis- 
tances up to 8002 and has a claimed 
accuracy of +4% of full scale. 





Digital remote-interrogation system 


A new digital device introduced by 
Rotax is intended for fitting to 
analogue indicating instruments, to 
give a remote reading on demand. 
This demand may be either manual or 
by an automatic cycling system. The 


instrument 
shoft 


Fig. 5.1 Digital transmitter 


instruments to which the device is 
fitted must incorporate a shaft to 
which a second pointer can be fitted, 
which follows the movement of the 
main indicating pointer or recording 
mechanism. This second pointer repre- 
sents the only extra load on the instru- 
ment movement. 

The transmitting element is shown 
in Fig. 5.1. The two photo-diodes, D, 
and D:, with the lens L and light- 
source S, can be rotated as a unit 
about the same axis as the instrument 
shaft. The auxiliary pointer P rotates 
with the main instrument pointer. 
When an interrogation pulse is re- 
ceived, the complete photo-diode 
assembly is rotated from a point below 
zero on the instrument scale to the 
point where the light-beam to D: is 
interrupted by P. Pulses between zero 
and this position, caused by the clear 
segments on the fixed opaque scale, 
are counted up to this point to give 
the digital output. When the pulse is 
received from D:, as a result of the 
interruption by P of the incident light, 
the count is stopped and the motor 
driving the photo-diode circuit is re- 
versed, returning the unit to its rest 
position. 
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is mainly concerned with recent developments and applica- 


tions in the field of solid-state technology 


Look at America 


Solid-state displacement 
transducer 


A commonly used electromechanical 
transducer for position measurement 
in many control systems is the linear 
variable differential transformer. Nor- 
mal operation of this type of trans- 
ducer requires a high frequency a.c. 
carrier (usually supplied by a fixed- 
frequency oscillator) for excitation of 
the primary winding. In applications 
requiring a d.c. output signal propor- 
tional to displacement, it is necessary 
to demodulate the amplitude modu- 
lated output of the transducer. The 
resulting system is often relatively 
complicated and bulky. 

The G. L. Collins Corp., of Long 
Beach, California, has recently devel- 
oped a solid-state displacement trans- 
ducer which combines in one small 
compact package a complete carrier- 
amplifier system. It consists of a 
transistorized d.c.-to-a.c. converter, a 
linear differential transformer, and a 
phase-sensitive demodulator circuit. 
The complete package is very little 
larger than the conventional LVDT 
alone. Fig. 1 shows the solid-state 
transducer schematically. 

A typical solid-state transducer 
accepts a d.c. excitation voltage in the 
range of 5 to 30 V with a power con- 
sumption of 0°05 to 10 watts (ex- 
tremely convenient, since pen-light 
batteries can be used). Sensitivities 
are available from 0°5 volts per inch 
for long stroke units to 100 volts per 
inch for extremely short stroke units. 
Short term drift is less than 01% of 
full scale. Long term drift is less than 
05% of full scale. 

The d.c.-to-a.c. converter produces 
a square-wave carrier, thus permitting 
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simple filtering to achieve low ripple 
output. Success with the relatively 
crude square-wave carrier is somewhat 
surprising to some people. Contrary 
to popular belief, a good sine wave 
with a minimum of distortion is 
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Displacement transducer 


D.C. motor control 
Random-access memories 


New semiconductor 


actually not necessary. Our experience 
at M.I.T. has indicated that successful 
operation can be achieved with almost 
any repetitive waveform, scven if it is 
somewhat distorted. 
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This extremely versatile transducer 


is generally characterized by: very — 


high resolution; very high signal to 
null ratio; exceptional electromech- 
anical response ; large stroke-to-length 
ratio; extreme accuracy ; ruggedized, 
shielded construction; and _ stable, 
long life. 


High temperature transistor 


Indicative of the rapid advance in the 
technology of semiconductor devices 
is the recent laboratory development 
of a silicon carbide transistor capable 
of operating above 650°F (/). The 
transistor was developed by the West- 
inghouse Electric Semiconductor De- 
partment, Youngwood, Pa, under 
sponsorship of the Electronics Re- 
search Directorate of the Air Force 
Cambridge Research Laboratories. 
Research at Westinghouse has 
shown that the silicon carbide tran- 
sistor amplifies and has power gains 


greater than unity up to 670°F. In. 


contrast, conventional germanium and 
silicon transistors can operate success- 
fully only at temperatures up to 
200°F (germanium) or 400°F (silicon). 
With further dévelopment, Westing- 
house scientists predict that the upper 
operating temperature of the silicon 
carbide transistor may even be as high 
as 925°F. 

The new high-temperature transis- 
tor is unipolar and differs in operating 
principle from the conventional ger- 
manium and silicon bipolar types. Bi- 
polar transistors regulate the flow of: 
electric current by the injection of 
electric charge carriers across a junc- 
tion built into the semiconductor 
material. The unipolar transistor 
functions much like a valve that opens 
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or closes to regulate the electron flow 
across the junction. 

The availability of silicon carbide 
crystals of exceptional purity, and the 
perfection of special techniques to 
form the semiconductor junction, are 
reported to be the two significant ad- 
vances leading to the successful devel- 
opment of the unipolar transistor. It 
is said that these two-thousandths of 
an inch thick crystals have less than 
one part in 10 million of impurities. 

Exposure of the semiconductor 
material to vaporized aluminium at 
the white hot temperature of 3900°F 
produces the junction. In the process, 
aluminium atoms actually diffuse into 
the silicon carbide crystal, thereby 
changing its electrical behaviour from 
n-type material to p-type. Where the 
two types meet is the actual junction. 

To construct the input and output 
terminals of the transistor, the semi- 
conductor wafer is etched at two 
points until the junction is reached. 
Electrical connexions are made at 
these two points. 

Finished transistors are typically 
about 80-thousandths of an inch long 
and 40-thousandths of an inch wide. 
Power gains of about 60 are possible 
at room temperature. 


Transistorized control of 


d.c. servo-motors 


The use of thyratrons as power modu- 
lators in d.c. electric servo-systems is a 
well-established technique, especially 
at high power levels. The solid-state 
component corresponding to the thy- 
ratron is the silicon controlled rectifier, 
shown schematically in Fig. 2. This 
device will conduct if e is greater 
than about one volt, or if a small 
pulse of current is injected at the gate. 
This last characteristic makes the de- 
vice especially useful as a power 
amplifier, particularly where small 
size, fast switching, low ‘forward’ 
voltage drop, and medium current 
handling capacity (up to 16 amps) is 
required. In general, the silicon con- 
trolled rectifier can be applied in the 
same manner as are thyratrons for 
control purposes, except that the solid- 
state components are ‘ fired’ by means 
of a current pulse, whereas thyratrons 
are fired by voltage pulses (2). 

A typical control scheme is shown 
in Fig. 3, where it will be noted that 
both d.c. and a.c..power supplies are 
required. The rectifier circuit con- 
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Fig. 2 Silicon 
controlled recti- 
_ fier 





Cathode 
verts the 400 c/s current to a pulsating 
direct current, the average value of 
which is proportional to the value of 
the error signal. Control is effective 
only when the reference signal fre- 
quency content is no more than one- 
sixth or one-fifth of the a.c. supply 
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frequency. A schematic representation 
of the power modulator’s operation is 
shown in Fig. 4. The operation is as 
follows. Assume there is a positive 
error signal—which is in this case a 
modulated 400 c/s signal in phase with 
the 400c/s power supply. When the 
error is positive, a current i;4, propor- 
tional to the error voltage, will flow 
into T 14. This flow is amplified by 7:1, 
whose output is i;. This current charges 
C, until a voltage, e1, is obtained, 
sufficient to cause the unijunction 
transistor, U;, to fire a current pulse. 
This pulse operates the gate of the 


+115 V 
400 c/s 


—lusv 


400 ¢/s- Fig. 4 Power-modulating circuit 
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silicon controlled rectifier SC,, and 
allows positive current to flow through 
the servo-motor. At the same time, 
the capacitor also discharges through 
the diode D,, in preparation for the 
next positive half-cycle of the a.c. 
supply. During this sequence, the 
capacitor C; is also charging in the 
same manner as C,, but SC, cannot 
be fired because of the adverse voltage 
across it. In the negative half-cycle, 
the error signal also becomes negative, 
hence SC, cannot conduct because of 
the adverse voltage across it, and in 
addition SC, will not conduct because 
the presence of the negative error 


Fig. 3 Silicon con- 

trolled power 

modulator used in a 

control loop; all 400 

c/s supplies are in 

phase with each 
other 


voltage prevents C; from _ being 
charged. The net effect, therefore, is to 
cause the direction of current flow 
through the servo-motor to corres- 
pond to the sign of the error signal. 
If the error signal is positive, the cur- 
rent is ‘ ported’ in one direction; if 
the error is negative, the current is 
‘ported’ in the opposite direction 
through the motor by the silicon con- 
trolled rectifiers. 

The voltage, e1, required to fire U, 
has a predetermined value (12 volts). 
A greater error signal will cause C, 
to charge more quickly, hence e, will 
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Fig. 5 Voltage and current wave-forms in 
modulating circuit 
reach the firing level sooner, and SC, 
will begin conducting earlier in the 
positive half-cycle of the power 
supply. Thus the conduction time, and 
therefore power flow, is roughly pro- 
portional to the level of the error. 
This is illustrated in Fig. 5. The be- 
haviour of the circuit when negative 
errors are present is exactly analogous 
to the foregoing description for posi- 
tive error signals, the design being 
symmetrical. 


Now consider the case where the 
error signal is zero, but a small posi- 





tive d.c. bias signal at the error ter- 
minals is present. As described before, 
C, will charge during the positive half 
of the power cycle, but at a low rate 
since the bias level is low. This will 
cause conduction to occur toward the 
very end of the half-cycle. Conduction 
will also occur, in this case, toward 
the very end of the negative half-cycle, 
since the bias is still positive. The net 
result is a built-in dither around null 
that helps to increase the zero error- 
sensitivity of the system. 

Performance of systems using this 
form of power modulation is about 
the same as can be obtained with 
thyratron control. The more compact 
size, lighter weight, and lower forward 
voltage drop of the silicon controlled 
rectifiers, makes their use appear ad- 
vantageous in low to medium power 
systems. 


Random-access memories 


Four new random-access type com- 
puter memories, which could pro- 
vide stiff competition for the magnetic- 
core memories presently used, have 
been tried and tested recently (3). 
Although the new memories are not 
yet on the market, they are intended 
to provide storage for high-speed 
random-access computers as well as 
for many low-cost industrial control 
applications. Technical characteristics 
of these new memories are as good 
as or better than those of the magnetic- 
core type. Each of the four new ones 
is different: (1) barrier grid ; (2) ferrite 
sheet; (3) flying spot; and (4) 
“ twistor ’. 





CHARACTERISTICS OF RANDOM-ACCESS DIGITAL MEMORY SYSTEMS 






The barrier-grid and ferrite-sheet 
types are considered temporary mem- 
ories, since stored information can be 
readily changed, electrically, by the 
system which uses them. Both types 
have the advantage that the entire 
memory is accessible within milli- 
seconds. Likewise, both types are 
limited in that information is destroy- 
ed as it is being read. This necessitates 
special circuits to rewrite, bit by bit 
or word by word, during the readout, 
so that the information can be pre- 


served. 
The flying-spot and_ twistor-type 


memories, considered semi-permanent, 
use time-consuming electronic and 
mechanical operations to change 
stored information. In spite of the 
fact that ‘ information fill time’ takes 
hours rather than milliseconds, these 
types have two advantages over the 
barrier grid and the ferrite sheet. They 
cost less per bit, and because informa- 
tion is not changed electrically they 
are more reliable for long-term 
storage. 

A comparison between the mag- 
netic-core type memory and the four 
new types is given in the accompany- 
ing table. 


Your American Correspondents 


J. L. SHEARER, R. S. SCHER, K. N. REID, JR. 
Massachusetts Institute of Technology 
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CLASS TYPE KIND _ ACCESS TYPE STORAGE LIFE OF INFORMATION TYPICAL RELATIVE 
MEMORY OF OF TIME OF CAPACITY MEMORY FILL STORAGE COST 
INFORMATION READ-OUT STORAGE ACCESS ELEMENT TIME DENSITY PER BIT 
Barrier Destroys __ Electro- Cathode : — 5,000 
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Drilling components automatically 


Experience with controlled drilling machines at Airmec and G.E.C. 


THE USE OF DRILLING MACHINES UNDER 
punched-tape control is no longer 
uncommon, particularly for such auto- 
matic pre-programmed work as the 
drilling of printed-circuit boards. Re- 
cently details have been released by 
Airmec of their use of the Vero Auto Drill 
in their machine shop at High Wycombe, 
and E.M.I. Electronics have reported 
G.E.C.’s experience with ‘an E.M.I.- 
Grimston positioning table at the 
Telephone Works, Coventry. 


Airmec’s Auto Drill 

Discussed in some detail in these 
columns in January, 1960, the Vero 
Auto Drill is one of a number ot drilling 
machines which can be obtained fitted 
with the Airmec Autoset automatic co- 
ordinate setting equipment. This is a 
simple and fairly robust electro-mech- 
anical controller which allows either 
manual or automatic operation. 

The Autoset/Vero installation illus- 
trated (Fig. 1) is in the machine shop 
at High Wycombe, where Airmec are 
using one of their own controllers to 
speed production of their range of 
electronic instruments. The workpiece 
is an aluminium casting requiring 84 
holes of various depths and five different 
diameters to be drilled to within 0-005in 
tolerance in both location and depth. 
Operating under punched-tape control, 
the equipment is understood to be 
accurate to 0-00lin, and to perform all 
the operations in a floor-to-floor of 
twelve minutes. This is believed to 
represent a time saving of more than 
50% over manual operation. In addi- 
tion, punched-tape control saves the cost 
of a box jig, as well as freeing a skilled 
operator for other work. 

The equipment has been in daily 
use for the past year, carrying out 
a wide range of precision drilling 
operations on various components from 
tag boards and printed circuits to 
aluminium castings. 
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G.E.C’s positioning table 


The problem at the G.E.C. Telephone 
works was to make numbers of holes 
in small batches of printed-circuit boards 
of several different designs. An E.M.1.— 
Grimston positioning table was equipped 
with a seven-spindle drilling machine 
designed and constructed by G.E.C.’s 
Works Technical Services Department, 
the drill itself also being controlled 
by the E.M.I. system. The positioning 
equipment uses a measuring element 
with an electrical accuracy of +0-000Sin 
giving a positional accuracy for the 
table of +0-002in with repeatability 
to +0-00lin. Information can be fed 
into the system by punched tape or set 
up on dials. 

To operate the automatic drilling 
system, a removable baseboard is loaded 
with seven packs, each of five printed- 
circuit boards, the packs being located 
by datum holes on pins, and the base- 
board is fixed to the table. The x co- 
ordinate is read and the table moves in 
that direction and locks and then the 
y co-ordinate is read, the table moving 
in the y direction and locking. The 
spindle feed is actuated and drilling 





takes place. The cycle repeats for the 
next hole, and so on. 

It is reported that the system has 
enabled the female operator of the drill 
to quadruple her output, and that the 
machine paid for itself—by saving 
tooling costs—on its first job. Future jobs 
will of course, require new tapes, but 
these can be made in fifteen minutes or 
so, while altering a jig might take many 
hours. 























Fig. | (left) Vero Auto 
Drill in use at Airmec’s 
High Wycombe works, 
drilling 84 holes of five 
different diameters 
and of various depths 
in an aluminium 
casting. Floor-to-floor- 
time: twelve minutes 
Fig. 2 (above) Loading 
a removable base- 
board with seven packs 
of five components 
each, at G.E.C.’s 
Coventry Telephone 
Works. Drilling 
under punched-tape 
control has quadrupled 
the operator’s output. 
The system paid for 
itself by saving the 
tooling costs of the 
first job 
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Instrumentation at Spadeadam 


Typical control room at the Spadeadam rocket-motor test establishment. Note periscope, 
television monitors and strip-chart recorders 


Pye’s contribution to government rocket-motor establishment 


SPADEADAM R.E., THE GOVERNMENT 
establishment for the development and 
testing of large liquid-fuel rocket 
motors, was discussed in Control in 
Action in November, 1960. Recently, 
however, increasing interest in the fate 
of Bluestreak, the British |.r.b.m., has 
brought Spadeadam back into the 
news. The main contractor was British 
Oxygen Wimpey Ltd, who let the 
instrumentation and control  sub- 
contract to Pye Ltd, and the latter 
have just released further details of 
their contribution to the establish- 
ment. 

The parameters measured are: pres- 
sure—both static and dynamic, tem- 
perature, flow, weight, thrust, position, 
vibration and noise level, and the 
overall accuracy on most of these is 
+1% or better. Control circuits pro- 
vide for the operation and back indi- 
cation of the many valves. in 
pneumatic, hydraulic and fuel lines, 
together with fire and safety services. 

The measuring heads are sited either 
on test stands or in test cells adjacent 
to the items under test, while the re- 
sulting information is recorded in 
control rooms remote from the actual 
test areas. Recording is principally 
by 255 Honeywell single-point strip- 
chart recorders with additional facili- 
ties available by patch-panel selection 
on 192 galvanometers, eighteen 
cathode-ray oscillographs and 36 tape- 
recorder channels. 

Certain information, such as tank 
contents, gas pressure and valve 
position, is also presented by lamp or 
dial indicators on the control consoles. 
In addition, pressure gauges are in- 
stalled locally to indicate tank contents 
and pressure, line and differential pres- 
sures in kerosene, liquid oxygen and 
gaseous nitrogen supply lines and their 
storage facilities within each area. 

In two of the main areas, a com- 


mon instrument system is employed, 
and the chart recorders can be 
switched to any one of four inputs. 
The selection of inputs to galvano- 
meter recorders is done on _ large 
patch-boards, whilst signals to the tape 
and cathode-ray oscillograph recorders 
are selected on smaller panels. Every 
signal level can be preset to bring it 
within the range of the recorder. 
Approximately 50% of the recording 
channels are for pressure measure- 
ment, and a calibration system enables 
groups of transducers to be calibrated 
at a time without removing them from 
the pipework. The thermocouple tem- 
perature channels are __ interesting 
because the cold junctions must be 
kept at 0°C. Two units, designed in 
conjunction with Foster Instrument, 
are each capable of maintaining 400 
reference junctions at 0°C + }°C. 


Safety arrangements 

Two unusual pieces of equipment are 
the ‘ red line control’ and the ‘ rough 
combustion cut-off’ units. The first 
accepts simultaneous signals from up 
to 135 strip-chart recorders, these be- 
ing passed to it by high- and low-limit 
control switches within each recorder. 
In the event of any permitted signal 
limit being exceeded during a test, 
these control switches operate a red 
lamp on the ‘red line control’ and 
the test is automatically terminated 
to avoid damage to the engine or test 
stand. The limits may be exceeded 
for a predetermined period while 
transient conditions experienced at the 
beginning of a test settle down. 

The second device is a sensing in- 
strument which incorporates a system 
of accelerometers. As unexpected 
resonances, irregular fuel or oxidant 
feed etc, give rise to uneven running 
of a rocket motor, and represent either 
low efficiency or a dangerous condi- 


tion, this device halts the firing, shut- 
ting off fuel and oxidant within 
microseconds of abnormal conditions 
occurring. 

High-speed film cameras are pro- 
vided which can be started, run-up 
and stopped by remote control. Direct 
vision into test cells is through 
armour-plated glass windows, and to 
the stands is through periscopes. For 
local surveillance of component and 
engine test stands, closed-circuit tele- 
vision is installed with provision for 
controlling focus, pan and tilt from 
the monitor trolley. 


Instrument testing 
Every instrument underwent tests 
agreed between the parties concerned. 
As the number of instruments in- 
volved was very large, particularly 
chart recorders, pressure transducers 
and gauges, new testing techniques 
had to be evolved, and personnel 
trained to use them. 

As an example of the involved 
nature of this testing, up to 36 


separate tests were applied to each ° 


chart recorder, the results then being 
evaluated from the chart records, 
accuracies of the order of + 025% 
or better being required, whilst in 
testing pressure transducers and 
gauges strict cleanliness had to be 
observed. The pressure standard em- 
ployed was a _ dead-weight tester, 
together with a separator to prevent 
oil contamination of the instrument 
under test. As most forms of separa- 
tor showed signs of -hysteresis at the 
lower pressures, an air dead-weight 
system, which incorporated a mani- 
fold enabling a number of trans- 
ducers to be tested at a time, was 
built. 

Laboratory facilities were provided 
both at Pye and on site, and facilities 
were also used at R.A.E., N.ELL., the 
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Low Temperature Research Station, 
controlled jointly by Cambridge 
University and the Agricultural Re- 
search Council, and the British Weld- 
ing Research Association. 


Installation 


Possibly the largest single unit of 
work in the installation program 
was that of fixing trunking and cable 
trays and laying signal and control 
cables from the test cells and stands 
to the control rooms. Altogether 34 
million yards of cable were laid on 
72,000 ft of trays and in 24,900 ft of 
trunking. 

Soldered terminations were per- 
permitted on prefabricated -panels or 
instruments in control rooms and other 
areas of little or no vibration, but all 
other terminations were crimped. 

A large amount of pipework and 
fittings was necessary for pressure 
gauges, level indicators and pressure 
transducers—the latter being fitted in 
consoles or boxes complete with 
calibration facilities. For certain 
measurements these boxes are tem- 
perature controlled. This pipework 
operation: was complicated by the fact 
that after the stainless steel piping had 
been erected, it had to be broken 
down, cleaned, and re-érected under 
clean conditions. Altogether 19,000 ft 
of stainless steel tubing were used for 
the instrumentation alone. 


Site testing 


A comprehensive test program was 
carried out before offering particular 
sections of instrumentation for accep- 
tance by the Ministry of Works, and 
all measuring channels had to be cali- 
brated and checked for accuracy. 

This was the first time that it had been 
possible to operate the majority of 
the instruments in a complete system, 
and also the first time it had been 
possible to check the systems for any 
mutual interference. Trouble had been 
expected since 3kc/s carrier systems 
are operated in close proximity to 
low-level systems in which high-gain 
amplifiers are employed. Cable screens 
were earthed at one point only, and 
separate instrumentation and electrical 
earths were run to keep 50c/s earth 
currents out of the instrument earth- 
ing. That these precautions were 
justified is shown by the fact that in 
spite of heavy power requirements 
both at 3kc/s and 50c/s, plus numer- 
ous switching transients, the total noise 
signal appearing at the input of the 
flowmeter converter, for example, was 
eventually reduced to ImV. 

The earthing problem was even 
more important on vibration and 
other low-level signals where low- 
loss coaxial cable is employed. Be- 
cause the screen had, of necessity, to 
be connected to the chassis of the 
recording instrument and hence to the 
electrical earth, it was essential that 


OEE te MeL ee 





this screen was not earthed elsewhere 
or hum voltages many times greater 
than the lowest voltage to be measured 
would have appeared at the input to 
the recorder. 

By far the greatest effort during 
this period went into the pressure- 
recording systems. An overall accu- 
racy of + 06% was aimed at, being 
made up of transducer linearity and 
hysteresis errors, demodulator non- 
linearity and hysteresis (dead spot) in 
the recorder, plus any errors which 
may have been introduced by the 
cable length employed between the 
transducer and the rest of the system, 
which could be up to 1500 ft. Since 
both transducers and recorders had 
passed stringent acceptance tests, 
faults could usually be traced to 
wiring errors. Test and calibration of 
these channels was carried out using 
the built-in calibration system, but 
where this could not be provided a 
dead-weight tester or a manometer 
had to be employed. 

Pye suggest that the magnitude of 
the operation may be judged by the 
following figures. The number of 
original drawings produced for the 
instrumentation was 14,100 with 
354,000 prints issued. Fifteen million 
core yards of cable weré used, ending 
in 461,200 terminations identified by 
1,100,00 marker sleeves. To assist in 
this operation 3200 separate cable 
schedules were prepared. 


pH control eliminates costly failures 


A STRIKING EXAMPLE OF THE SAVINGS 
consequent upon the installation of 
automatic pH ‘control equipment has 
been reported by W. G. Pye & Co. 
Ltd. It appears that extensive metal 
pre-treatment work is carried out by 
Marshall Motor Bodies Ltd of ‘Cam- 
bridge. This is done on a round-the- 
clock basis in order to cater for pro- 
duction requirements, any failure of 
pre-treatment facilities resulting in 
serious financial loss. 

A closed-circuit system is used for 
heating the de-greasing, de-rusting and 
Parkerizing tanks in the metal pre- 
treatment section at Marshall’s. The 
fracture of a _ steam-heating coil 
allowed Parkerizing solution to be fed 
to the boiler along with the conden- 
sate return water. This caused heavy 
deposits to form on the boiler tubes 
with the result that there was a com- 
plete loss of boiler efficiency. The 
effect of this failure was the loss of 
production for fifty days. This cost 
some £10,000. The cost of overhaulitig 
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the boiler and replacing its tubes 
amounted to a further £7000. 

To prevent any recurrence of this 
costly breakdown Marshall’s have in- 
stalled Pye industrial pH equipment, 
which monitors continuously the pH 
value of the boiler condensate return 


‘ water before it enters the make-up 


tank. It is said that within seconds of 
a heating-coil fracture, and the entry 
into the heating system of process 
solutions, the pH sensing element de- 


Pye pH control 
equipment at Mar- 
shall Motor Bodies 
of Cambridge auto- 
matically prevents 
contaminated con- 
densate return 
water from damag- 
ing a boiler, and so 
halting . production 
for many weeks 


tects the resultant change in pH value, 
the contaminated water is automati- 
cally diverted to waste, and a warning 
signal is operated. 

It is understood that the pH equip- 
ment was installed twelve months ago, 
and that two coil fractures have 
occurred since then. In each case, con- 
taminated condensate return water 
was automatically diverted to waste 
before any damage to the boiler 
occurred. 
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from the world of control 
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Discussing new techniques 


The Control Section of the Society of 
Instrument Technology has decided 
to hold occasional ‘ exposition ’ meet- 
ings in an attempt to encourage early 
discussion of new techniques and new 
applications of automation. These 
meetings will be fairly informal znd 
aimed at a wider audience than usual. 

The first such meeting, entitled: 
Recent developments in automatic 
boiler control practice, is planned for 
22 January, 1962. Contributors are 
being sought and, at this stage, the 
Committee requires only the name of 
the author and his subject matter. A 
300-word outline will not be required 
until October. Prospective contribu- 
tors should send details to Mr R. J. 
Redding, 66, The Drive, Isleworth, 
Middlesex. 

A second exposition meeting, Se/f- 
adaptive control systems, is planned 
for April, 1962. It is hoped to pro- 
vide a review, in outline only, of the 
theoretical work in the field of self- 
adaptive and optimizing control sys- 
tems, and computer control, to be 
followed by contributions on applica- 
tions and practical study work. The 
main purpose of the discussion will be 
to bring out the trend of developments 
and its implication for practising con- 
trol engineers and plant managers. 
Comments or suggestions for contri- 
butions should be sent to Mr R. H. 
Tizard, Whitterick, Ellesmere Road, 
Weybridge, Surrey. 


—-~———— ILF.A.C. 


Basle in 1963 


The second congress of the Interna- 
tional Federation of Automatic Con- 
trol will be held in Basle, Switzerland, 
in September, 1963, at the invitation 
of the Swiss Association for Auto- 
matic Control. A committee of the 
British Conference on Automation 
and Computation will co-ordinate the 
submission of papers from the United 
Kingdom to the congress. 


Most of the papers will deal with 
the theory or application of automatic 
control ; a number will also deal with 
the components of control devices. 
Subjects to be covered are as follows: 
Theory: discrete systems, stochastic 
systems; optimal systems; learning 
systems ; systems reliability. Applica- 
tions: process dynamics; computer 
studies of applications, on- or off-line : 
optimizing or adaptive control applica- 
tions. Components: new and effective 
devices ; measurement of the reliability 
of components. 

Papers may be submitted in English, 
Russian, French or German. The final 
version of any paper by a United 
Kingdom author should be in the 
hands of the B.C.A.C. committee not 
later than 1 June, 1962, for transmis- 
sion to the International Selection 
Committee of I.F.A.C. during August, 
1962. The Executive Council of 
I.F.A.C. have ruled that the number of 
papers shall not exceed 100. 

Offers of papers from the United 
Kingdom should be made to the 
Honorary Secretary, B.C.A.C., c/o 
The Institution of Electrical Engineers, 
Savoy Place, W.C.2. General inquiries 
concerning the congress arrangements 
should be made to the Secretary of 
I.F.A.C., Dr-Ing. G. Ruppel, Prinz- 
Georg-Strasse 79, Diisseldorf, Ger- 
many. 


—_———- B.C.A.C. ————__ 


Automation—men and money 


Opening the First British Conference 
on the Social and Economic Effects 
of Automation at Harrogate on 27 
June, Lord Hailsham told the 300 
delegates that he would be surprised 
but delighted if more than very 
general answers were forthcoming 
from their meeting. He spoke of his 
pleasure in the ‘ strong representation 
that there was from this country’, at 
the I.F.A.C. Congress in Moscow last 
summer (see Control, July, August, 
September, 1960) and thought that the 
experience of the British delegation 
in Russia would ‘ enrich the contribu- 
tion made to this conference’. Lord 


Hailsham went on to argue that 
Britain must keep at least one move 
ahead of the new countries as they 
acquired the new techniques. From 
this point of view, he said, auto- 
mation is a necessity for our national 
future. He spoke also of the change 
in the pattern of employment that 
automation would bring about. A new 
army of maintenance technicians 
would replace the old army of opera- 
tors. Mathematicians were already 
becoming among the most keenly 
sought after employees, and managers 
were now having to learn some elec- 
tronics. Current conversation about 
the common market had more than 
an echo of automation in their con- 
tent. 

The Conference ended on 30 June, 
too late for us to get a report of it 
into this issue. A full review will 
appear in Control next month. 


ELECTRONICS ———— 


1.E.E. recognize electronics 


The Council of The Institution of Elec- 
trical Engineers ‘have become in- 
creasingly conscious that the high 
proportion of . . . (the LE.E’s)... 
activities which are devoted to the 
science, development, and application 
of electronics is not as widely recogniz- 
ed as it might be ’, and have passed the 
following resolution: ‘The Council 
recognizing the significance of elec- 
tronics interests in electrical engineer- 
ing, resolve (1) that steps should be 
taken to ensure, as far as practicable, 
equal representation on the Council 
and Council committees of the in- 
terests generally identified as “ elec- 
tronics” and “ power”; and (2) that 
in order to ensure that no obstacle 
lies in the path of any suitably quali- 
fied person being admitted to member- 
ship of The Institution, the Education 
and Training and the Examinations 
Committees be asked to review again 
the examination syllabuses and train- 
ing regulations to ensure that they 
are appropriate for those (in parti- 
cular, electronics engineers) who, 
though of recognizable professional 
level, are not adequately provided for 
under the present regulations.’ 


£57m sales 


According to the Electronic Engineer- 
ing Association the total home and 
overseas sales of British electronic 
capital goods last year were worth 
more than £57m—some £4°5m up on 
1959. Exports, at £29m, showed an 
increase of nearly £44m over 1959, 
and accounted for more than half 
the total sales. In the four years 1957 
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to 1960, sales of electronic capital 
goods have risen by more than a 
third and exports have increased by 
nearly a half. The rising sales of 
electronic computers—more than £8m 
last year—reflect their growing and 
wide-spread use. Since 1957 the com- 
puter industry has more than doubled 
its total sales and almost trebled its 
exports which, last = were worth 
£2°3m. 


RESEARCH 
Pendine’s 21st 


Control visited the Proof and Experi- 
mental Establishment last month on 
the occasion of the Establishment’s 
21st year.at Pendine. The Establish- 
ment is responsible to the War Office, 
through the Chief Superintendent of 
Ranges, first for the conduct of firing 
proof of newly manufactured arma- 
ment stores for the three Services ; 
secondly for such development or 
acceptance trials as may be required 
by design establishments, the Ord- 
nance Board and commercial firms ; 
and thirdly for the firing .proof an- 
nually of ammunition already im ser- 
vice with the Royal Navy. 

Little of direct control engineering 
interest was seen, although security 
so clouded the visit that there may 
be more going on than was apparent. 
However, it does appear that all g.w. 
warheads of all types are tried both 
dynamically and statically at Pendine. 

The Establishment occupies a strip 
of coast-line about six miles long and 
half a mile wide, and has 28 ranges 
including both long (3000ft) and short 
(630ft) test tracks. A demonstration 
firing was carried out along the 


extremely-narrow-gauge railway form- 
ing the long test track, an eleven- 
rocket vehicle being fired to run off 
the end of the track at 1742ft/s with 
a most satisfactory bang. This was a 
simple firing, but a _ retro-rocket 
arrangement is often employed to save 
the vehicle from destruction. Track 
velocity is given by a magnetic induc- 
tion system, and a sequence timer 
controls events — cameras, recorders, 
etc. Acceleration, pressures and tem- 
peratures are telemetered back to a 


- control position. The retro-motors are 


fired, or events such as ‘ rain erosion’ 
actuated, when. the vehicle cuts a 
copper gauze switching device. 

A pacific application of the long 
test track is illustrated. Here an 
ejector seat for the Folland Gnat 
aircraft is under test. The seat has 
been ejected and the test vehicle is 
being brought to rest by automatic- 
ally fired retro-rockets. 


EDUCATION ————- 
Home-study courses 
The Capitol Radio Engineering 


Institute (an American organization 
offering home-study courses to elec- 
tronics students) informs Control that 
its courses are now available in 
Britain. Lessons are sent five at a 
time, and the student has to complete 
them in order. He returns the exami- 
nation papers to his tutor, and a new 
batch of lessons is dispatched to him 
after three of these papers have been 
seen. 

Four sample lessons have been sub- 
mitted to Control for review. They 
were selected by the Institute because 
they were felt to be of particular 
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interest to our readers. We have 
passed these samples, together with 
some specimen corrected papers, to 
Mr W. F. Lovering, M.Sc., M.LE.E., 
Head of the Department of Electrical 
and Control Engineering at Battersea 
College of Technology. Mr Lovering’s 
assessment is as follows. 

‘This is one of a series of corres- 
pondence courses in Electronic Engi- 
neering and allied topics. The course 
in Automation is described as an 
advanced postgraduate course and 
consists of 31 lessons. The first lesson 
discusses in general terms the ideas of 
automatic control, feedbtk, analogue 
and digital computers and power am- 
plifiers. Considerations ‘of ‘reliability 
and fail-safe operation are discussed 
and examples of automatic control in 
radar, fire-control, and punched-card 
programming of machine tools are 
described. The lesson concludes with 
a number of examination questions 
which the student is expected to 
answer and return for comments. 

‘Later lessons deal with servo- 
mechanisms, error detectors, ampli- 
fiers, position control systems, stability 
criteria, computers, ~ transistors, elec- 
tron optics, instrumentation, telemetry 
and data processing and recording. 

‘Little mathematical knowledge is 
assumed ; for example, the lesson on 
an introduction to computers spends 
several pages on the elements of the 
calculus. (Optional tessons are avail- 
able dealing with inductance, capaci- 
tance, resonance, etc.) This seems in- 
consistent with the statement that this 
course is intended for Senior Elec- 
tronic Technicians and Engineers who 
have the necessary background and 
experience. 

‘The sample of lessons seen gives 





RAILBORNE ROCKETS Above: Pen- 
dine’s long test track and (right) a typical test 
vehicle — note propulsion and retro-rockets 


Right: rocket-propelled test vehicle being 
brought to rest by retro-rockets. 
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the impression that an _ intelligent 
technician might derive some useful 
knowledge from the course. A student 
with some knowledge of electrical 
engineering and mathematics would 
be likely to find the lessons excessively 
wordy and lacking in “ meat ”.’ 

Full details of the courses available 
may be had from C.R.E.I. (London), 
Dept. C.2, Granville House, 132-135 
Sloane Street, London, S.W.1. 


METALS nih 
Bisra’s Open Day 


A great, deal of work of control and 
instrumentation interest is carried out 
by the British Iron and Steel Research 
Association, and Control was able to 
see something of this during attend- 
ance at last month’s Open Day at the 
Sheffield Group Laboratories. 

To the many visitors from the steel 
industry the most interesting exhibit 
was a demonstration of continuous 
casting, although this is—at the 
moment at least—of little control 
engineering interest. Bisra’s Apic— 
automatic power input  control-—- 
system for arc-furnace control was on 
view, and this appears to have a great 
future. 

Forging under program-control is of 
direct interest. A 200-ton experimental 
press and a mobile manipulator are 
in use proving the idea, with control 
equipment by Brookhirst Igranic. At 
the moment, the program is put into 





HYDRAULIC LOCK Gates and sluices at Shiplake Lock, near 
Henly-on-Thames, are now hydraulically operated with equipment by 
Lockhead Precision Products. The operating gear (right) in the lock- 
keeper's hut, consists of a 2hp, 400/440V, three-phase motor and pump 
unit, operating at 1440 rev/min. This draws fluid from a 4 gallon tank and 
pumps it through a pressure-relief valve, set at 750lIbffin?, to control 
pedestals at the lock’s head and tail gates. The pedestals incorporate 
selector units for sluices and gates, a metering and reversing valve for 
power operation, flow-dividing and collecting valves which ensure 
synchronous operation of each pair of gates, restrictor valves for limiting 
the speed of gate movement, a pressure-relief valve set at 550!bf/in?, and 
non-return valves. The gates themselves are operated by four horizontally 
mounted cylinders (one to each gate) of 1Zin bore and 32in stroke; sluices 
are operated by vertically mounted cylinders of 3in bore, the head-sluice 
cylinders having a 24in maximum stroke, and those at the tail sluices a 


maximum stroke of 22in 
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the system via a patch-board arrange- 
ment, although punched-tape or, more 
probably, punched-card programming 
will be used eventually. This develop- 
ment is understood to be some 857 
complete, and is expected to undergo 
shop-floor trials very shortly. 

In-line inspection of sheet and strip 
was much to fore, and _ several 
methods were demonstrated. There 
was, for example, an ultrasonic lami- 
nation detector developed in co- 
operation with John Summers & Sons. 
This comprises transmitting and re- 
ceiving probes placed at a distance 
from each other along the strip; a 
defect will affect the ultrasonic signal 
received, and bring about alarm or 
control action. Another technique 
employs a _photo-electric scanning 
arrangement: light scattered from a 
tinplate surface increases when defects 
are caused to traverse an illuminated 
field, and the output from the photo- 
cells increases in consequence. This 
device was developed as part of a 
study of fully automatic high-speed 
inspection. A third system employs a 
television camera with a long-persist- 
ence tube which is arranged to ‘halt’ 
the motion of the tinplate for visual 
inspection. 


sm nniceeneci A EATIOIN 2-est9¢—- 
R.A.E.’s Open Days 


Control visited R.A.E. Farnborough, 
during one of the Establishment’s 
Open Days, last month, and was 
extremely impressed by the wide 
range of work going on. 


Electrical research 

In the Electrical Engineering Depart- 
ment the major concern appeared to 
be with aircraft electrical supplies, an 
ever-increasing problem as _ loading 
goes up. General research is proceed- 
ing on static inverters—a model 
demonstrated used silicon controlled 
rectifiers, and provided 400c/s, three- 
phase, at 115V from a 28V d.c. input. 
Static frequency converters based on 


s.c.r.s are being developed for aircraft 
use: the system will provide a con- 
stant-frequency three-phase output at 
400c/s from a multi-phase input vary- 
ing from 2000c/s to 5000c/s. 

The Department is working on a 
moiré fringe method of bi-directional 
counting, and the technique was 
demonstrated in conjunction with 
photocell and digital recording equip- 
ment, measuring the angular displace- 
ment of a rotating shaft. (This work 
is described in R.A.E. Technical Note 
EL 191.) Silicon solar cells are also 
being studied. An amusing demonstra- 
tion consisted of an electrically-driven 
model car powered from solar cells 
under a brilliant lamp. Performance 
is degraded by temperature and other 
radiations, and it is understood that 
the model ran much faster when the 
lamp was first switched on, and slower 
as the cells became heated. 

An interesting method of detecting 
explosive hydrocarbon/air mixtures 
is based on feeding the vapour into 
the induction pipe of a motor-driven 
ic. engine, the latter firing and 
pressure pulses being obtained from a 
flexible cylinder head. 

Work on brush-less generators is 
proceeding. Such machines may have 
silicon diode rectifiers in the rotor to 
provide d.c. to the rotating field, or 
have a solid rotor and stationary 
excitation winding combined with an 
unusual magnetic circuit. 


G.W. attitudes 


In the Guided Weapons Department, 
Control joined the mass of engineers 
worshipping at the shrine of Blue- 
streak, and its smaller fellows Black 
Knight and Skylark. Here the control 
engineering content was extremely 
high and very complex. For example, 
four methods of determining a rocket’s 
attitude were displayed. In the photo- 
slit system, attitude with respect to 
the sun or moon is calculated from 
the time interval between telemetered 
voltage pulses from four coded photo- 
cells accurately mounted in the 
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A TASTE QF HONEYWELL The Shiraz 
beet sugar refinery, Persia, is to have Honeywell 
automatic control equipment similar to that shown 
here at the Ely refinery of the British Sugar Cor- 
poration. The chief instrumentation engineer at 
Shiraz, Abbas Shahidpour, is being familiarized 
with the equipment by his opposite number at 
Ely, Liewe Herrema. Incidentally, behind the 
control equipment in the illustration, is the world’s 
largest diffuser; this was supplied by Duncan 
Stewart. 


rocket’s skin. In a solar attitude scan- 
ner, the rocket’s bearing and elevation 
are obtained by allowing the sun’s 
light to pass through a cruciform slit 
to form an image on a rotating disk 
having a radial slit. A datum light is 
also focused on the disk, behind 
which are four photocells in the form 
of a square. As disk and slit rotate, 
datum or sun images fall on the photo- 
cells, the position of the cruciform 
image given sun’s bearing and eleva- 
tion. The third method determines 
attitude with respect to the earth’s 
magnetic field, three ‘saturable core 
transducers measuring its components 
along the xyz axes of the missile, and 
the fourth method employs a camera 
to record the two attitude vectors, 
sun and horizon. 


Hydraulics and pneumatics 


Hydraulic and high-temperature-gas 
servo-systems were demonstrated. A 
motor servo-actuator for Black Knight 
is of about 4hp (hydraulic) and 
operates at a system pressure of 3000 
Ibf/in?. Shown controlling angular 
position, the actuator is controlled by 
a thermionic valve amplifier driving a 
torque motor of 4W electrical power 
to operate the servo valve. 

The high sensitivity of control and 
the power amplification of a typical 
electrohydraulic servo was demon- 
strated: blowing lightly on a control 
vane caused a heavy weight to follow 
the vane accurately and responsively. 
It is understood that a power gain of 
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a million to one can be achieved. The 
model was controlled by a transis- 
torized system, and the operating pres- 
sure was 3000Ibf/in?. F 

An experimental pneumatic servo 
was demonstrated operating at 1000 
Ibf/in? giving a_ stall torque of 
1500Ibf in and a speed of response 
greater than 500°/s. 

High-temperature-gas servo-systems 
were exhibited. A typical flight type 
I.P.N. (iso-propyl nitrate) system can 
drive up to four 3hp gas-servo actua- 
tors at 1500lbf/in? pressure, and at 
a gas temperature of over 100°C, for 
over 1 min. An ht.p. (high test 
peroxide system was also shown. 

Farnborough’s many other Depart- 
ments were visited only clrsorily, as 
it was quite impossible to absorb it 
all in a single day. However, if the 
standard of the work we did see is 
representative of the work of the 
Royal Aircraft Establishment as a 
whole, the taxpayer is getting value 
for money. 


DATA HANDLING ———- 





Six from Burgess Hill 


On 21 June, the first British-made 
analogue computer in_ Electronic 
Associates’ range was completed, and 
the occasion was made the excuse for 
Officially opening the Burgess Hill 
factory. In all, six major systems are 
complete, or in course of completion, 
at Burgess Hill: a 221R for Folland 
Aircraft (the first completion); a 
16-31R which should have been ship- 
ped to the University of Swansea last 
month; a 231R for Vickers-Arm- 
strongs (Aircraft) which is due to be 
shipped this month ; a 221R for Cam- 
bridge University—September; a 
231R for the Motor Industry Research 
Association—November ; and a 231R 


Two of Electronic Associates’ British-made analogue computers near 
completion at Burgess Hill. 
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for Cambridge University—January 
1962. 

Electronic Associates claim to be 
responsible for over 80% of the pre- 
cision analogue computing systems 
outside the Russian sphere of influence 
—$15m in 1960. It is understood that 
they have now widened their interests 
to include not only general purpose 
analogue computers, but also special 
purpose on-line computers for chem- 
ical and steel processes. 


CAS 
B.0.C.’s Datofonic installation 


Already in use by gas, electricity and 
water undertakings, the Datofonic 
system of supervisory control, using 
normal telephone lines, has now been 
installed at British Oxygen’s Brins- 
worth, Rotherham, liquid oxygen 
plant. 

A total of approximately forty 
alarm conditions have been deter- 
mined, and these have been split up 
into four groups in order to simplify 
fault detection. Any fault in one of 
these groups causes the equipment to 
sound the appropriate alarm, auto- 
matically contacting the central con- 
trol room and transmitting a verbal 
message. If the central control needs 
to interrogate the plant, this is 
achieved by dialling the appropriate 
telephone number, and the Datofonic 
equipment will give its verbal message. 
In addition, normal speech facilities 
are available over the interconnecting 
telephone circuit. This circuit is con- 
tinuously monitored and an imme- 
diate fault indication is given at the 
receiving station in the event of an 
earth fault. The line circuits are fully 
isolated and the system will operate 
in spite of an earth fault on either line. 

In the event of air-compressor 
failure, the entire plant will shut down, 
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officially opened by the Queen on 27 June. 


and the appropriate message be passed. 
Of the numerous other alarm condi- 
tions, some may not affect the opera- 
tion of the plant. In order to isolate 
any particular fault a special panel has 
been installed which contains indica- 
tors for each of the alarm conditions. 
The equipment at Brinsworth will 
operate initially over a private tele- 
phone line, although the system is 
adaptable for operation over either 
manual or automatic telephone net- 
works. The Datofonic equipment is 
manufactured by Sound Diffusion 
(Auto-thermatic) Ltd. 


—~— NUCLEAR POWER ——- 
Recent work at Harwell 


The main interest seemed to be in 
nuclear fusion research when the press 
were conducted on a lightning tour of 
the Atomic Energy Research Estab- 
lishment recently. Interested readers 
will have become tolerably familiar 
with the control of fission reactors 
after reading the special series that 
ends in this issue (p. 95). Energy from 
nuclear fusion has not been discussed 
in the series for the very simple reason 
that control of fusion reactors remains 
an unattained end. Researchers are 
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Electrical controls for a gas carburizing 
furnace (British Furnaces Ltd) for 
Vauxhall, Liverpool, are being supplied 
by Brookhirst Igranic. The equipment 
duplicates a similar installation supplied 
by Brookhirst Igranic to Vauxhall's 
Luton factory. The company have also 
received an order worth £132,000 for 
motor control centres for the new Ford 
works at Halewood, Lancs. 


Ultrasonic welding: a new company, 
Pulsonic Ltd, has been set up by 
Derritron Electronics and Darlington 
Chemicals Ltd. 


Accident data recorders covering such 
information as indicated airspeed, 


SCOTS GASIFY LOW-GRADE COAL The Scottish Gas 
Board’s Westfield, Fife, high-pressure gasification plant which was 
Built by Humphreys & 
Glasgow, the works is at present producing 15,000,000ft® of gas a day 
by the Lurgi process, an output which will be doubled when the second 


busy on it in about a hundred centres 
round the world, their main approach 
being via the heating of an ionized gas 
(‘ plasma’) that is contained by mag- 
netic fields in variously contorted con- 
figurations. Dr J. B. Adams, Director 
of the Culham Laboratory, told the 
press visitors (some of whom had 
learnt that matter is available in three 
states) that plasma—the fourth state— 
is the commonest in the universe, 
though it is ‘new’ on earth. Its con- 
tainment under stable conditions is the 
unsolved problem, and probably de- 
cades will be required to find the 
answers. The researchers are, as usual, 
providing numerous technological by- 
products on the way. For example, 
as a result of the latest work at Har- 
well it is now possible to design spark- 
gaps with fairly predictable perfor- 
mance, and the size and cost of 
capacitor banks have shrunk to a 
fraction of what they were. 


NS 
G.E.C.—T.R.W. form 1.S.C. 


Thompson Ramo Wooldrige Inc. of 
Los Angeles, U.S.A.—the industrial 
computer-control people—and G.E.C. 
have formed a joint company, Inter- 
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altitude, control surface movement, 
vertical and lateral acceleration, head- 
ing, fire and oil-pressure warning etc, 
have been ordered from Penny and 
Giles by the Ministry of Aviation. 


Societe Anonyme des Establissements 
Ed. Jaeger, of Paris are now the sole 
representatives in Metropolitan France 
for Smiths Aircraft Instruments, Kelvin 
& Hughes (Aviation) and Waymouth 
Gauges & Instruments. 


Sima’s Ultrasonics Executive Com- 
mittee: the Scientific Instrument Manu- 
facturers’ Association has set up this 
Committee to study problems in the 
ultrasonics field. 





stage of construction is completed in a few months’ time. The Westfield 
plant is understood to be more highly instrumented than any other Lurgi 
scheme. Many British control and instrumentation firms were involved, 
with Taylor Controls having the lion's share. Pneumatic instrumentation 
predominates, having been chosen for its superior reliability. 





national Systems Control Ltd, to mar- 
ket industrial process control systems 
in the U.K., the Commonwealth, and 
the European Free Trade Area. The 
initial capital is £430,000. The Board 
of I.S.C. Ltd consists of: Chairman, 
O. W. Humphreys (Technical Director 
of G.E.C.); Managing Director, Dr 
D. N. Truscott (previously General 
Manager, Electronics Division, G.E.C. 
Telecommunications Group); Deputy 
Managing Director, Dr E. M. Grabbe 
(T.R.W.’s Senior Staff Consultant on 
automation); the other Directors are 
G. W. Fenimore (Vice-president, 
T.R.W. International), W. A. C. 
Maskell (Managing Director, G.E.C. 
Telecomunications Group), and M. E. 
Mohr (Vice-president, Electronic Sys- 
tems and Equipment Group, T.R.W.). 

T.R.W. will contribute their ex- 
perience of process control systems, 
including computer designs, to I.S.C. 
Ltd, while G.E.C. will make available 
relevant patents, personnel, and their 
electronic engineering and manufac- 
turing resources. 

T.R.W. have been very successful 
in the field of closed-loop computer 
control, their RW-300 digital control 
computer being claimed to be in use 
in over 80% of all industrial digital- 
computer-control systems. 


-__—— PETROLEUM 
Computer-controlled cracker 


An I.B.M. computer-control system 
has been installed by Standard Oil 
of California and is being connected 
to the 40,000 barrel /day fluid catalytic 
cracker at their refinery in El Segundo, 
California. The ‘system will scan 75 
points of information within the 
cracker at a projected rate of 20 
points/s, reading the variables con- 
tinuously, calculate new control set- 
tings and report them to the cracker 
operator. The latter can instruct the 
computer to change the plant controls 
in response to its own calculations. 


CONTROL July 1961 


4 
: 
i 
: 
\ 









Dinner at the Savoy 


PEOPLE | 
IN CONTROL 
by Staffman 


Last month’s Brit.LR.E. dinner at the 
Savoy was excellently attended. Sir 
Howard Florey (President of the Royal 
Society) proposed the toast to the Insti- 
tution, professing apprehension in 
addressing the direct descendants - of 
Jupiter. Although few of his audience 
would now sit on clouds like Jupiter, 
added Sir Howard, he hoped, that some 
had their heads in them, for the success 
of all their work depended on discovery 
and the development of discoveries. 
Admiral Earl Mountbatten, who is Presi- 
dent of the Institution for the second 
time in fifteen years, responded to the 
toast with a meaty address in which he 
emphasized the importance of the 
engineering side. ‘Electronics’, he said, 
“has been one of the principal tools in 
the development of automation; and 
computers . . . could not have got be- 
yond the stage of an idea without 
electronic engineering to bring them to 
life’. 

With so much top brass beaming 
approval on electronics it is no wonder 
that the subject is becoming respectable. 
Even the Old Lady of Savoy Place is 
going to recognize it. I hear that the 
Council of the LE.E. has just decided 
to move toward equal representation of 
‘electronics’ and ‘ power’ on its com- 
mittees, and also to review the Institu- 
tion’s examination syllabuses and train- 
ing regulations so that they provide for 
electronic interests. I expect that those 
people who belong to both the LE.E. 


and the Brit.I.R.E. would prefer to see 
their institutions split the field rationally 
between them, but it looks as if rivalry 
is still the preferred policy. 

My heading picture shows Earl 
Mountbatten at the Brit.I.R.E. dinner. 
Left is W. E. Miller and right L. H. 
Bedford, both past-presidents, who are 
now Vice-presidents under Earl Mount- 
batten. 





I hear from Hilger & Watts that A. H. 
Campbell has been appointed their Joint 
Managing Director along with G. H. 
Whipple. Campbell was with Cam- 
bridge Instrument, before service with 
the Royal Corps of Signals during the 
war. He has been a Director of Hilger 
& -.Watts since 1951, and General 
Manager since 1954, 


A party of students from Russia visited 
George Kent at Luton recently. They 
are concerned with mining techniques 
and equipment and their visit to 
Kent’s was prompted by an interest in 
flow measurement and control. I gather 
that the detection and measurement of 
oxygen in gases, and pneumatic control, 
were other interests. They were intro- 
duced to H. E. Dall of Dall tube fame, 
and took tea with R. S. Medlock, Engi- 
neering Director—and, incidentally, a 
consultant to Control—and J. E. Lee, 
Export Sales Executive (fourth and fifth 
from left in my photograph). 





Tea at Kent’s 





I gather that John Bolton, Solartron’s 
Deputy Chairman and Managing Direc- 
tor, and Laurence Malec, their Group 
Director concerned with systems, re- 
ceived a distinguished visitor the other 
day in the person of Admiral S. H. 
Ericson, Commander in Chief of the 
Royal Swedish Navy. The Admiral was 
extremely interested in the progress 
Solartron are making in manufacturing 
the tactical radar simulator which his 
service have ordered. 

L. M. Faulkner, Manager of Utility Sales 
for (U.S.) Hagan Chemicals & Controls 
Inc., recently visited Hagan Controls, the 
joint Plessey-Hagan concern set up in 
1959. In my photograph he is shown 
discussing the virtues of the ‘ PowrMag ” 
system with the British company’s Sales 
Manager, J. H. Whitaker. This control 
system for large boilers uses magnetic 
amplifiers instead of valves and transis- 
tors, enabling the automatic controls for 
a large boiler to be only 3ft 6in wide. 








Business at Hagan’s 


Things are still moving at Ultra Elec- 
tronics. Now I learn that E. B. Augood 
has been appointed Works Manager. He 
joins them from Morgan Crucible, a 
company he was with for many years, 
his most recent position having been that 
of Managing Director of Morgan Com- 
ponents Ltd. They also have a new 
Projects Officer in the Control and 
Instrumentation Division, Ronald G., 
Mammatt, who was previously with Cos- 
mocord. 


International Computers and Tabulators 
have appointed a Chairman—a position 
which has been vacant since the death 
of Sir Cecil Weir—at last, Sir Edward 
Playfair who takes over on | August. 
Sir Edward has had a distinguished 
career in the Civil Service, and is at 































































present Permanent Secretary to the 
Ministry of Defence, although the 
Treasury is believed to have been his 
first love. I am not quite sure how this 
appointment will affect the present 
chain of command. It will be recalled 
that at the moment H. V. Stammers 











is Acting Chairman, Cecil Mead is 
Deputy Chairman, and John Bull Manag- 
ing Director. 


E. R. Thomas has retired from the 
position of Managing Director of 
Elcontrol, although he remains a 


AUTHORS IN CONTROL 


Ronald E. Fischbacher (/nstrumentation 
and reliability, page 87) graduated in 
electrical engineering at the Royal Col- 
lege of Science and Technology and 
Glasgow University in 1944. He then 
joined the Admiralty Signal and Radar 
Establishment where he was engaged on 
the development of naval communica- 
tions equipment and guided-missile radar. 
He left the Admiralty service early in 
1957 as a Senior Scientific Officer to join 
the British Scientific Instrument Research 
Association where he is now Heaa of the 
Electronics Department. 





FISCHBACHER TAYLOR 


G. G. Bond (The two-phase servo-motor, 
page 91) is a senior design engineer in 
the Industrial Power Branch of the 
U.K.A._E.A. at Risley where he is engaged 
on work relating to the control and pro- 
tection of nuclear power reactors. After 
graduating from University College, Car- 
diff, he served a graduate apprenticeship 
with the Automatic Telephone and Elec- 
tric Co., and later joined the Industrial 
Electronics Division of English Electric. 
Prior to his present post he was a Senior 
Lecturer at The Royal College of 
Advanced Technology, Salford. 


Denis Taylor (Controlling nuclear 
power—the general problem, and the 
future, page 95) was a lecturer in 


electrical engineering at Hull and 
London before joining the Air Ministry 
and becoming a member of the team 
which developed radar. During the latter 
part of the war he was Superintendent 
Scientist at the Telecommunications Re- 
search Establishment and, later still, was 
in the Far East for a year, assisting the 
R.A-F. and the Fleet Air Arm with their 
radio and radar problems. After the 
war he became one of the founder 
members of the Atomic Energy Research 


Establishment at Harwell. He was ap- 
pointed Head of the Electronics Division, 
a position he retained for eleven years, 
until he joined the Plessey Group of 
Companies to take charge of their 
nuclear program. 

Dr Taylor is the author of many 
scientific papers and books on radar, con- 
trol systems, nuclear measuring instru- 
ments and nuclear reactor instrumenta- 
tion. He has been Chairman of the 
Measurement and Control Section of the 
Institution of Electrical Engineers, and 
has represented this country at many 
international conferences. He is a con- 
sultant to both Control and its sister 
journal Nuclear Power. 


P. F. Blackman (Pole-zero approach to 
system analysis, page 107). See page 126, 
November 1960. 

H. K. P. Neubert (co-author with W. R. 
Macdonald and P. W. Cole—below—of 
Sub-miniature pressure and acceleration 
transducers, page 104). See page 113. 
February 1961. 


W. R. Macdonald studied electrical en- 
gineering at the Heriot-Watt College, 
Edinburgh. After a period of two years 
with the English Electric Co. on the de- 
velopment of industrial electronics, he 
joined the Instrumentation Department, 
R.A.E., in 1949, where he is now engaged 
on the development of instrument trans- 
ducers and associated electronic equip- 
ment. 





MACDONALD COLE 


P. W. Cole trained as an horologist in the 
30’s, and during the war served in the 
R.A.F. as a Technical Instructor, mainly 
on automatic pilots and gyro compasses. 
He joined the R.A.E. in 1946, and since 
1955 has been engaged on the~design 
and development of transducers. 











Director and retains his financial interest 
in the company. He has been Elcontrol’s 
Managing Director since the firm was 
formed in 1948. The new Managing 
Director is B. A. Worswick, who has 
been Chief Engineer and Technical 
Director for the past eighteen months. 


L. Shavick (Impressions of Achema, 
page 107) took his physics degree at the 
Royal College of Science in 1954, and 
then became an Aircraft Engineering 
Officer in the Royal Navy. In 1956 he 
joined the Technical Sales Department 
of Gresham Transformers, remaining 
there until June 1959 when he moved to 
a similar position with Vactric (Control 
Equipment) Ltd. He is now with Griffin 
& George, and is to be appointed Sales 
Manager of the Chromatography Divi- 
sion in the near future. His present work 
is concerned with analytical apparatus 
for the accurate and rapid determina- 
tion of components in organic and 
inorganic mixtures. 


G. L. Ashdown (Electronic engineering 
components and materials, page 108) was 
educated at the Institut Michot-Mon- 
genast and the University of Brussels. He 
worked as a development engineer in the 
Transmission Laboratory at Standard 
Telephones and Cables from 1936-41, 
and then became Engineer-in-charge of 
the Electrical Section at Nash and 
Thompson. He joined Elliott Bros in 
1947, becoming Divisional Manager in 
1953. Since 1955, Ashdown has been at 
Battersea College of Technology as 
Senior Lecturer in electrical theory and 
measurements and servo-mechanisms. For 
the past two years he has also been 
Senior Tutor, Electrical Engineering. He 
is Technical Adviser to the French firms, 
Société d’Electronique et d’Automatisme, 
and Ets Jean Turck, and Consultant to 
Grafton (Management) Ltd. 


John Gilpin (A film-transport servo- 
system, page 110) received his initial 
grounding in electromechanical instru- 
ments with Everett Edgcumbe. His 
education in electrical engineering at 
Hendon Technical College was inter- 
rupted by service with the R.A.F. Tech- 
nical Branch, where he gained experience 
under laboratory and flight conditions of 
navigational and flight instruments. His 
technical education was continued at 
Acton and later Brunel College of Tech- 
nology, and further instrument design 
experience was gained at Sperry Gyro- 
scope on an inertial navigation system. 
Gilpin joined Evershed & Vignoles 
Instrument Sales Department in 1955, and 
has concentrated on servo-components 
since 1957. 
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P 1 C k-off by Sica 


ALKING round the recent 

components show at Olym- 

pia I was struck by the 
apparent rarity of new equipment.* 
I don’t know very much about wire- 
less components, so my judgement 
was based principally on the elec- 
tronic instruments side, but my 
general observation was confirmed by 
the sales manager of a well-known 
electronics company. ‘In the old 
days,’ he said to me, ‘ when the pace 
was a little slower, we worked up a 
few surprises to put in the show— 
we could even afford to delay release 
for a few months to do this. Today 
competition is so fierce that any new 
development must be on sale in the 
shortest possible time, making it al- 
most impossible to plan release to 
coincide with an exhibition.’ Does it 
matter? After all, the main advantage 
of exhibitions is that one can meet in 
‘the flesh some of the people who have 
been merely voices and signatures for 
the previous twelve months. 


FITHER Russian ‘ cosmonauts’ 
N= American ‘astronauts’ 


have risen high enough for 
their subsequent trajectories to assume 
a curvature noticeably different from 
that of the earth’s surface, and I 
think it laughable to hear those gal- 
lant men described by such grandiose 
names. The first rocket-borne human 
travellers to get outside the atmos- 
phere have been exceedingly brave, 
and I would not dream of belittling 
what they have achieved: but they 
have neither navigated the cosmos 
nor circumnavigated the stars. Why 
not just call them ‘spacemen’? 


SENIOR ENGINEER was telling me 
recently of the first-class develop- 
ment that his well-known com- 

pany is now doing. The firm has been 
in the doldrums for a time, and I asked 
how the renaissance had been brought 
about. ‘The worst thing that ever 


* Some items are described in New for contral 
this month (p. 132 ff.).—eprror 








happened to us,’ I was told, ‘ was the 
patent on the — a few years ago.’ 
I objected that they had made a pile of 
money on that device, which was cer- 
tainly unique when it came out. ‘ Yes,’ 
was the reply, * we thought we were well 
off too, and we didn’t bother about the 
future. Then we woke up one morning 
and found that half the firms in the 
business had overtaken us and the rest 
were quickly catching up. So we were 
forced to pour a whole lot of cash into 
a new r. & d. organization, but it was 
a bit late, and we’ve had to work damned 
hard to get where we are.” Obviously this 
was a case where fame was not the 
spur: which is an object lesson for 
some of our up-and-coming young 
companies, if they need it. 





ENJOYED READING Dr D. G. 
Christopherson’s The theoretical 
training of the engineer, an article 
which appeared in the June issue of The 
Chartered Mechanical ~ Engineer. 
Christopherson, who is Warden of 
Durham Colleges, is worried by the fact 
that the amount of scientific and 


“technical knowledge of value to the 


engineer has doubled during the last 
25 years, and that it is now impossible to 
give the student a comprehensive view of 
the whole of engineering. 

His answer to the problem is to 
provide two basic courses, an Engineering 
Science Course and an _ Industrial 
Engineering Course, neither of which 
would be superior to the other. The 
syllabus he proposes for Engineering 
Science is fairly conventional, but in 
Industrial Engineering is more concerned 
with shop-floor engineering practice 
and includes subjects such as industrial 
relations and trade union Jaw. Basically, 
Christopherson’s would-be ‘ engineering 
scientist ’ is to be taught general physics, 
while the potential ‘ industrial engineer ’ 
is to be more concerned with what is 
usually called production engineering. 
I note with surprise, however, that only 
industrial engineers will be expected to 
be au fait with measurements and 
instrumentation, and engineering 
scientists can let these subjects drop. 





Control engineering and automation, 
on the other hand, is a third-year 
subject for the honours degree people of 
both disciplines. 


Exhibition. and Convention — 

Interplas to the cognoscenti — 
threw up the distressing news that the 
plastics industry went through a mild 
recession last year. Apparently pro- 
duction was only 12% up on 1959’s 
figures, and U.K. consumption in- 
creased by a mere 20%. Exports too 
made a poor showing, a 12% increase 
being the best the industry could 
manage, and the 100% increase in 
polystyrene exports making one of the 
few brighter spots in a dismal picture. 
However, bloody but unbowed, the 
plastics industry is putting a brave 
face on it, their confidence in the 
future of plastics being underlined 
by their many plant extensions. This 
year is expected to show considerable 
gains on the 1960 figures, and I under- 
stand that individual manufacturers 
are optimistic about long-term pros- 
pects—maybe because of more ad- 
vanced automation in their plants. 

I hear from the D.S.LR. that the 
Research Association of British 
Rubber Manufacturers has recently 
changed itself into the Rubber and 
Plastics Research Association of 
Great Britain, and I hope that the 
new organization’s plans for produc- 
tivity studies include automatic con- 
trol, at least as a sub-heading. The 
press release says nothing about it, 
and that is rather worrying. 


HE SCIENTIFIC METHOD is dis- 
tinguished by its heavy reliance 
on observation, both as a source 
of inspiration-and as a check on the 
theory inspired. Pick up any book on 
modern physics and you will find that 
it is full of references to an ‘ ob- 
server ’. He usually turns out to be an 
assembly of scientific instruments 
rather than a human being, and his 
reactions are, as Eddington put it, 
merely pointer-readings. I sometimes 
wonder whether even the ideal ob- 
server, with pointer-readings unaffect- 
ed by emotion, would be completely 
free of error. However clever the in- 
struments, a cleverer conjuring trick 
can always be devised. ‘ Nothing can 
be so misleading as observation’ said 
Hercule Poirot while solving one of 
his cases, and he may have been 
right. It would be interesting to see 
the state of science in a hundred 
years’ time, and to find out how often 
we seemed then to have been taken in 
by Nature in 1961. 


[= WEEK'S International Plastics 










































































































































































































































































A monthly review of system components and instruments 


For further information, circle the appro- 
priate number on the teply card facing 
page 162. 


PROPORTIONAL CONTROLLER 


automatically fails safe 


A low-cost proportional controller, 
Honeywell's Pyr-o-volt 105R12, has an 
output of 3-7mA when working into an 
impedance of 40002. It will control 
saturable reactors up to a rating of 
100 kVA, but with a suitable amplifier 
larger reactors may be controlled. The 
indicating movement will accept inputs 
for all standard-combination thermo- 
couples, and if the signal fails (e.g. owing 


























Output 3-7 mA 


to thermocouple burn-out) it simulates a 
high temperature, hence reducing the 
power output from the reactor. Mains 
supply required is 230V a.c. 

Circle No 545 on reply card 


CLUTCH-BRAKE UNIT 


electrically operated 


Elliott’s clutch-brake is intended for use 
On potentiometers, synchros, and similar 
devices, allowing them to be driven under 
remote control. Once set, they are held 
secure against vibration or residual torque. 
Energizing current at 24V is 180mA. 
Under zero vibration, driving torque 
(energized at 24V) is 75 gf cm minimum, 
and brake torque (de-energized) is 300 
gfcm minimum. With an 1100c/s, 15g 
vibration axial to shaft, driving torque 


becomes 30 gfcm minimum, and with 
1000 c/s 15g vibration axial to shaft. 
brake torque becomes 20 gf cm minimum. 
Pull-in and drop-off times are respec- 
tively 10 ms and 10 ms. Vibration range is 
20 c/s to 2 ke/s at 15g, and temperature 
range is —40 to +-75°C. The unit weighs 

68 g. Seen at the R.E.C.M.F. show. 
Circle No 565 on reply card 


SHAFT-POSITION CONVERTER 


digital output 
An analogue-to-digital converter by 
George Kelk (Canada) expresses the 
angular position of a shaft as a digital 
signal. The output circuit consists of 
four decades of ten circuits each, and 
any number from 0—9999 can be repre- 
sented by a voltage. The design is such 
that only one output per decade is pos- 
sible at any time, so eliminating any 
possibility of ambiguity. 

For maximum output representation, 
input may be either 100 or 1000 revolu- 
tions; maximum torque required is | ozf 
in. Power output is 12 V at 0°7A, half- 
wave rectified a.c. A low-power signal 
can cause the coder to hold a reading 
for any desired time. 

Circle No 536 on reply card 


VARIABLE-SPEED GEAR 


hydraulic operation 
A 10hp hydraulic variable-speed gear by 
Carter Gears, the AM 26, gives a step- 
less range of output speeds over a 27:1 
range: it may be used to pick up loads 
from Orev/min. Input speed for 50 c/s 
operation is 1440 rev/min, and output 
torque at all speeds is 450 lbf in. Assum- 


Stepless control 













ing constant input speed, the average no- 
load/full-load ‘ pull-down’ is approxi- 
mately 25 rev/min. 

Circle No 535 on reply card 


POWER SUPPLY 


transistorized, stabilized 


A power supply by Rotax provides a step- 
lessly variable output of 0 to 30V dic. 
at currents up to 3A. Stability factor 
of the output is 1:1200 overall and d.c. 
resistance of the supply is less than 
001Q. A special feature is adjustable 
overload protection, which may be set to 
trip at currents from 750mA to 45A. 
A new type of filter circuit is claimed 
to eliminate hum with great efficiency; 
mains supply required is 230 V, 50 c/s. 
Circle No 534 on reply card 


TIME-DELAY RELAYS 


withstand severe shock 


Two units by Haydon (U.S.A.) are capable 
of withstanding a 50g shock for IIms, 
and 20g vibration at 2000 c/s. Contact 
arrangements are available from single-pole, 
single-throw, to four-pole, double-throw. 
Reset time can be as low as 15 ms. 

The series 32400 relay (pictured below) 
weighs 9 ounces, and has a range from 120s 
to 20 min. Contact rating at 28V d.c. or 
115V a.c. is 10A into a resistive load, and 
current consumption during timing is 
20mA. Operating temperature-range is 








Fast reset 


100°C. The series 
32200 relay weighs 7 ounces, and has a range 


given as —55 to 


from 50ms to 120s. Contact rating at 
28V d.c. or 115V a.c. is 10A into a resistive, 
or 5A into an inductive load, and current 
consumption during timing is SOmA. 
Operating temperature-range is —55 to 
+125°C. — Circle No 570 on reply card 


WAGNETIC LEVER VALVE 


solenoid operated 


General Controls’ K.10 valve is avail- 
able in port sizes from 0°063in, and will 
handle media at temperatures up to 
360°F (182°C), and pressures up to 
1000 Ibf/in?. The valve body may be 
made in materials to suit corrosive fluids 
where necessary, and the jacket rotates 
through 360° to allow connexion to 
electrical conduit at any angle. 

Coils are supplied in a range covering 
24 to 250V, a.c. or d.c., and may be re- 
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Rotatable jacket 


placed very easily. The valve has an 
explosion-proof housing, and may be 
direct- or reverse-acting. 

Circle No 541 on reply card 


PROGRAM UNIT 


synchronous-motor drive 


The MA2, from Elcontrol, is the first of a 
series of cam timers using snap-action 
microswitches to provide . sequence 
switching. A central cam-shaft carries eight 
independent cams, each of which operates 
a microswitch by a rapid-action cam 
follower. The eight-stage timer, with 
250V, 5A, switches measures 4} x 2} » 
3 in including motor and cover. 

An extensive range of synchronous 
motors covers operating periods from 60 
rev/min to 1 rev in 24h. The switches are 
adjustable by set-screw so that trip point 
can be accurately set; they may be set to 
operate during as little as 2° of rotation. 

Circle No 546 on reply card 


INSTRUMENTATION SYSTEM 


miniature, robust 


Made by Video Instruments (U.S.A.), the 
96 RC contains a signal amplifier, trans- 
ducer power-supply, bridge-balance circuits, 
and calibration circuits. (The latter can be 
programmed from a remote source.) 

The system may be used with any bridge- 
type transducer having one, two, or four 
active arms. Inputs, in the order of milli- 
volts, are amplified to a maximum output 





Compact 


of +5V d.c. The output impedance is 
350Q, and thus capable of driving sensitive 
galvanometers directly. 

Circle No 543 on reply card 
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up to 40,000 counts/s 


Visual decade counting units manufac- 
tured by Winston Electronics will count 
impulses to a maximum rate of 40,000 
per second. Each plug-in module has a 
scale from 1 to 9; the digits, which are 
7/32in high, are displayed through a 
translucent Perspex panel showing white 
against a black ground. The modules 
have a standard octal plug-in base. 
Resolution is 84s, and the input re- 
quirements are as follows: amplitude, 





Rae QR 
Clear indication 


50-150V d.c. negative going; minimum 
pulse width, 0°Sus; maximum rise time, 
1-Sus; impedance, 100uuF in series with 
approximately 25,000Q2. Power inputs 
required are 63V at 412A, and 
+300V d.c. at 9mA. 

Circle No 538 on reply card 


CORROSION METER 


direct indication of penetration 


A device made by Crest Instrument (U.S.A.) 
will measure corrosion at_a number of 
points, using a system of probes. These 
consist of exposed specimens of the material 
of which the tank, pipe, etc. is made. The 
meter determines the progress of corrosion 
by measuring the minute change in the 
specimen’s resistance, as its cross-sectional 
area is reduced by corrosion. 

The resistance of the exposed specimen 
is compared with an identical companion 
specimen coated with a protective covering, 
hence giving a comparison independent of 


_ temperature. A third check specimen, also 


coated, is used to ensure that the protecting 
crating on the immersed specimen is intact. 
The Corrosometer, available in the U.K. 
from Winston Electronics, reads directly in 
penetration units or micro-inches. Measure- 
ments may be made with the plant in full 
operation, and if corrosion is successfully 
inhibited will remain in place for long 
periods. The makers stock some fifty alloys 
to match construction materials, made in 
sizes from 1 to 80 mm in diameter for short- 

and long-term testing respectively. 
‘ Circle No 552 on reply card 


NCCELEROMETER 


weighs only 5 grams 


An accelerometer by Technical Cera- 
mics, the G170, is intended for a wide 
range of vibration testing. It weighs 5g, 
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Up to 400g 


and measures fin diameter by tin long. 
Operating frequency range is from 5 c/s 
to 35 kc/s, between 01 and 400g. Tem- 
perature range over which the units will 
work is —40 to +80°C, and they are 
fully sealed to withstand high humidity. 
A bender-type transducer is used to give 
maximum sensitivity coaxially and mini- 
mum sensitivity in other directions. 
Circle No 540 on reply card 


DIFFERENTIAL AMPLIFIER 


metal construction 


Philbrick Research’s SK2-V, the first of a 
series of high-performance differential 
amplifiers, is designed for use where long 
periods of uninterrupted service are 
required. It has an octal plug-in base. 
Open-loop gain is 100,000 at d.c., and 





Reliable 


unity at 1 Mc/s. Output is up to 3mA at 
+100V. The reliability of this unit is 
enhanced by radically under-running re- 
sistors, capacitors and valves. 

Circle No 568 on reply card 


TIME-DELAY RELAY 


pneumatic delay-system 


The 9050 type A relay, available from 
Square D, has a pneumatic delay system 
adjustable between 0-2s and 1 min with good 
repeat accuracy. Two models provide 
delay after energization or delay after de- 
energization respectively; either type may 
be converted to the other without use of 
additional parts. The timed contact is 
single-pole, double-throw, and is rated 
from 60A, 6A break, at 110V a.c., to 12A 
make, 1-:2A break, at 550V a.c. Intermediate 
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Adjustable 


voltages have ratings approximately pro 

rata. Coils are available with standard 

ratings up to 600V a.c., 50 or 60 c/s. 
Circle No 569 on reply card 


QUICK LOOKS 


Potentiometers. Ten-turn helical potentio- 
meters by Beckman, designated A/S001 
and A/S002, are servo-mount ball-bearing 
versions of two standard models. Maximum 
starting torque per section is 1-3 ozfin. 
Ranges of resistance available are 10 2 to 
$00 kQ, with standard tolerance +3% for 
resistances from 1002 to 100kQ, and 
+0-5% for other values. Power rating is 
5W at an ambient temperature of 40°C. 
Seen at the R.E.C.M.F. show. 

Circle No 566 on reply card 


Toroidal ratio-transformers. Aveley Electric 
are introducing a range of decade-tapped 
transformers for use in the frequency 
ranges 30-3000 c/s and 400-20,000 c/s. 
Thumb-wheel-operated switches provide 
a digital reading. Three- and four-decade 
units can be supplied. Errors less than 
0-01°% are normal, and units working to 
0-0001°% are obtainable in some types. 
Seen at the R.E.C.M.F. show. 

Circle No 548 on reply card 


Compressors. A range of heavy-duty air 
compressors is available in six cylinder 
stroke sizes giving free-air-delivered outputs 
of 75 to 334 ft*/min at working pressures 
from 15 to 150 Ibf/in?. The WG9, made by 
Joy-Sullivan, is designed for continuous 
operation. Vertical construction permits 
the largest of the range to be mounted on an 
area 3 x 3-5Sft. 

Circle No 553 on reply card 


Symbol printer. Intended for use with their 
X,Y plotting table, Bryans’s symbol printer 
allows plotting of various identifiable point- 
plotted curves on one chart. The imprint of 
a selected symbol is made by a solenoid- 
actuated die through an inked ribbon. 
Maximum plotting rate is 60 points/min. 
Circle No 567 on reply card 


Miniature electrolytic capacitors. The 
present Muilard range of miniature electro- 
lytic capacitors contains 22 types covering 


0-8 uF to 200 uF and working voltages 
between 25 and 4. A further eighteen 
types are now available which extend the 
range of capacity to 640 uF and the maxi- 
mum working voltage to 64, d.c. The 
largest size of can, 0-35 x 1-2in, houses 
capacitors as large as 640 uF, 2:5V d.c. 
working or 32 uF, 64V d.c. working. 
Seen at the R.E.C.M.F. Show. 

Circle No 557 on reply card 


Flame safeguard, Available from Honey- 
well, the R4075 Protectoglo flame safeguard 
unit disconnects the flame rod and checks 
its components once each second. If the 
sensing signal, amplifier or related circuitry 
fail whilst the burners are operating, the 
unit will cause immediate shut-down and 
sound an alarm. 

Circle No 555 on reply card 


Computer transistor. Mullard’s ASZ21 is an 
alloy diffused, germanium junction 
transistor intended for high-speed switching 
in logic circuits. It is claimed that speeds 
in excess of 10 Mc/s are easily obtained, 
and speeds up to 50 Mc/s are possible 
with suitable circuitry. Maximum collector- 
base voltage, with zero emitter current, is 

20; maximum ‘peak emitter current is 
50mA; maximum reverse emitter-base 
voltage is —2-5. Seen at the R.E.C.M.F. 
show. Circle No 564 on reply card 


Potentiometers. Reliance Manufacturing 
are now producing the first of a range of 
helical potentiometers designated HEL. 
07-10. Standard models cover a range of 
100Q-30,0002 with a tolerance of +5%; 
rating with the whole element uniformly 
loaded is 2W at 20°C ambient. Seen at 
the R.E.C.M.F. show. 

Circle No 542 on reply card 


Semi-conductor switches. Silicon Trinistor 
switches, series CS32, are available from 
Westinghouse. These devices are three- 
terminal, four layer p-n-p-n silicon 
switches. The range covers maximum 
forward and reverse peak voltages from 
25V to 400V. Maximum mean forward 
current is 16A, half-sine-wave conduction, 
and maximum d.c. forward current is 
19-5A. Seen at the R.E.C.M.F. show. 
Circle No 563 on reply card 


Ferrite-core memory. A high-speed memory 
unit is available from Ampex (U.S.A.), 
designated the RQL. The unit is non- 
synchronous, and all bits of a word are 
handled in parallel. Standard operating 
modes are random access with clear/write, 
read/regenerate, and load and unload 
cycles. Circle No 556 on reply card 


Differential d.c. amplifier. Made by 
Video Instruments (U.S.A.), the 94G is 
a 10kc/s-band-width unity-gain ampli- 








fier intended for driving low-sensitivity 
fluid-damped galvanometers. The com- 
mon-mode rejection ratio is 10°:1, and 
the complete isolation of output from 
input eliminates ‘ground loop’ prob- 
lems. For driving galvanometers, this 
unit provides up to 200mA output cur- 
rent. Circle No 539 on reply card 


Tuning fork. A transistorized tuning fork by 
Bryans Aeroquipment provides a stable 
50 c/s reference frequency in the form of a 
positive-going triangular pulse once every 
cycle. At 20°C the frequency of oscillation 
of the fork is (50 + 0-005) c/s; amplitude 
of the output, which is suitable for direct 
driving of stroboscopic tubes, is not less 
than 175V. The unit works directly from 
50 c/s mains at 235V + 5%. 

Circle No 554 on reply card 


Differential cathode-ray polarograph. A 
sensitive twin-cell instrument by Nash & 
Thompson is intended for the accurate 
measurement of metallic contaminants in 





foodstuffs, soil analysis, studying the 
oxygen content of blood plasma, and 
various inorganic and some other organic 
analyses. Metallic impurities in foodstuffs 
can be identified at concentrations down 
to 0-02 parts/10*, and the device is claimed 
to be at least seven times as sensitive as_ 
any single-cell equipment. 

Circle No 562 on reply card 


Low-force plugs and sockets (unitrons) by 
Ferranti are available in 35- and 70-pole 
versions, with silver- or gold-plated con- 
tacts. Nominal insertion force is 4 ozf per 
pole, and the withdrawal force is about two- 
thirds of that. Maximum working voltage 
of both silver-plated types is 500V, current 
rating 5A, and contact resistance 0-005. 
Overall dimensions of the 70-pole version 
are 1ft 9in wide by 3-52in long. The 
gold-plated versions are intended for use in 
polluted atmospheres, and have better 
contact performance at very low voltages. 
Circle No 551 on reply card 


Water meter. Parkinson Cowan’s type 
44 meter can handle flows of 400 gal/h 
with 10 ft head loss continuously without 
loss of accuracy. At flows in the 5 gal/h 
region, accuracy is within +2%. The 
meters are hydrostatically tested to 300 
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lbf/in?, and will sustain continuous working 
pressures up to 150 lbf/in?. A particular 
feature is the two-part screwed gunmetal 
case, which, in conjunction with the 
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British miniature electronic components 
& assemblies data annual 1961-62 edited 
by G. W. A. Dummer and J. Mackenzie 
Robertson. Pergamon Press. 1961. 479 pp. 
£4, * 570 


Instrument ball bearings by P. J. Geary. 
B.S1.R.A. 1961. 80 pp. £1 Is. *® S71 


List of publications available to the 
public: cumulation No 5. January- 
December 1960. Library, A.E.R.E. Har- 
well. H.M.S.O. 1961. 117 pp. 16s.% 572 


Nuclear power policy in the United 
Kingdom by Sir ~ Roger Makins. 
U.K.A.E.A. 1961. 7 pp. * 573 


British experience in the technical de- 
velopment of nuclear power reactors by 
Sir John Cockcroft, U.K.A.E.A. 196]. 
9 pp. * 576 


Isotope techniques for nuclear engineers 
by J. L. Putman. U.K.A.E.A. 1961. 10 pp. 
* 577 


An introduction to servomechanisms by 
F. L. Westwater and W. A. Waddell. 
English Universities Press Ltd. 1961. 
191 pp. 15s * 578 


Electronic Tubes and Semiconductor 
Elements : Universal Vade-mecum 
Volume I by Piotr Mikolajezyk. Per- 
gamon Press. 1960. 1213 pp. £7. * 579 


Silicones for the electronic industry are 
detailed in a 24-page booklet from Midland 
Silicones. * 580 


Electric motors by Brook are described in 
an illustrated booklet, list 929. * 581 


Industrial gas meters for high-pressure gas 
are the subject of a leaflet from Parkinson 
Cowan. * 582 


absence of screws in the assembly, means 
that components can be replaced without 
use of tools. 

Circle No 547 on reply card 


Revolution counter. The Albion type 
1-23 revolution counter, made by F. & F. 
Carter, has a detachable gear-box. This is 
supplied right- or left-hand, with four or 
five figures and reset lever. A variety of 
ratios is available to order. 

Circle No 550 on reply card 


Sub-miniature blower. The Minicube, avail- 
able from A. K. Fans, measures exactly 
1 in*. It is for use on 400 c/s supplies, at 


* voltages up to 200V, single- or two-phase. 


Operating temperature range is —55 to 
+110°C, and since an induction motor is 
used there is no electrical interference. 
Seen at the R.E.C.M.F. show. 

Circle Noe 549 on reply card 


Iluminated push-button switch. This T.M.C. 
switch may have two or four change-over 
contacts, with a maximum rating of 30W. 
Models may be locking, non-locking, or 


pH electrodes by Beckman are listed in 
their Technical Data Sheet No. E.2. * 583 


Non-standard electrical equipment, ro- 
tary and static, is described in an 
illustrated booklet from Nelson Engi- 
neering. * 584 


‘The House of Semiconductors’ is the 
title of a short booklet describing the 
set-up at Hughes International, Phe 2 
rothes. 585 


Ultrasonic cleaning equipment by Kerry’s 
is shown in two recent leaflets covering 
respectively models USC.1 and 3, and 
the HD series. * 586 


* Forced circulation air heaters’. Reprint 
of a paper by C. J. V. Denning = The 
Incandescent Heat Co. 3 587 


Multiple level-control panels by Elcon- 
trol are the subject of data sheet LR/A. 
* 588 


Rectangular hollow sections for struc- 
tural applications are described in a 39- 
page booklet from Stewarts and Lloyds. 
* 589 


Reversible locking clutch. Units by 
Formsprag (U.S.A.) are described in a 
catalogue (ref. 316/534) from Renold 

590 


- Chains. * 


Dissolved-oxygen analysing meter. List 
148/2 from Cambridge features their 
model No. 93135 and associated equip- 
ment. * 591 


Servo valves made by Dowty under 
licence from Moog (U.S.A.) are shown in 
data sheet 1540 issue 2. * 592 


Spare parts for Kent’s Mark 3 Multelec 
recorder are listed in their publication 
2511. * 593 


Argon chromatograph. A 28-page illus- 
trated brochure from Pye gives details of 
a new version of their argon chromato- 
graph. * 594 


The organization of Plessey’s various 
divisions is explained in their publica- 
tion No. 322. * 595 














interlocking; multi-way chassis- and panel- 
mounting plates are available, to accom- 
modate up to twelve switches. Seen at the 
R.E.C.M.F. show. 

Circle No 56! on reply card 


Cathode ray tube, A five-inch instrument 
tube by M-O Valve has high-efficiency 
post-deflexion acceleration, which enhances 
brightness without the loss of sensitivity 
which would result from an increase in 
final anode potential. Seen at the R.E.C.M.F. 
show. Circle No 558 on * card 


Printed circuits by : Tachiaei are the 
subject of their brochure TEP |. * 596 


Flow indicators for oils are described in 
a leaflet from Falk, publication No. = 
* 


*‘Terylene in Industry’ is a 32-page 
booklet from the LC.I. Fibres ae 
* 


Small parts by Belling and Lee are listed 
in their May 1961 catalogue supplement. 
* § 


Oscilloscopes are amongst electronic 
equipment listed in the Hewlett-Packard 
(U.S.A.) short-form catalogue, available 
from Livingston Laboratories. * 600 


Pneumatic equipment by Air Automation 
is featured in their 1960-61 catalogue, 
ed. 2. * 601 


Relays and electrical automatic control 
apparatus are described in a data book, 
publication No. 144h, from Londex. 

* 602 


Recording counters by Cambridge are 
featured in their leaflet 143/1. * 603 


‘Primer for en resolvers’ is the 
title of an explanatory booklet from 
Theta Instrument (U.S.A.) x 604 


Oscilloscope. Airmec’s high speed oscil- 
loscope model 294 is described in their 


leaflet 206A. * 605 
Annual Reports: 
Institution of Electrical Engineers. 
1960-61. 16 pp. * 606 


Simms Motor and Electronics Cor- 
poration Ltd. 1960. 20 pp. plus illus- 
trations. * 607 


The Electrical Research Association 
40th Annual Report. 1960. 105 pp. 
* 608 


National Physical Laboratory Report 
for 1960. Her Majesty's Stationery 
Office. 1961. 176 pp. * 609 


British Iron and Steel Research Asso- 
ciation Annual Report 1960. 156 pp. 
* 610 


* Circle the relevant bia on the wale ane facing page 162 for farther snfeination 
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Adaptivity 


Adaptive Control Systems. Edited by Eli Mishkin & Ludwig 
Braun, Jr. McGraw-Hill Publishing Co. Lid. 1961. 533 pp 
£6.8.0d. 


People who wish to learn about adaptive control systems must 
be filled with delight by the news that a large textbook of no 
fewer than 530 pages has been written on the subject. Joy will 
be increased further by the knowledge that one of the authors 
is John G. Truxal. Such potential readers must be warned im- 
mediately that the title of the book is deceptive. Little more 
than a quarter of the book is specifically related to adaptive 
control. The book was written by eleven members of the Poly- 
technic Institute of Brooklyn. It is the outcome of a series of 
lectures given in September 1959 which were intended to 
report on recent advances in feedback control. 

Truxal has written an introductory chapter in which he 
defines an adaptive system as any physical system which has 
been designed with an adaptive viewpoint. This appears to be 
an admission of defeat in the quest for a concise definition. 
The parts of the book which are concerned with adaptive con- 
trol concentrate on the measurement of process transfer dyna- 
mics and subsequent adjustment of controller characteristics to 
give a satisfactory overall system response. This is adequately 
explained, and there are good descriptions of methods of 
process identification. Problems of extremum regulation are 
completely ignored, and there is little about adaptation accord- 
ing to the nature of signals received by a system. 

The book is divided into four main sections which are en- 
titled ‘ Linear systems’, ‘ Non-linear systems ’, ‘Adaptive con- 
trol systems’ and ‘Selected topics in system engineering ’. 
Much of the first two sections could have been omitted. There 
seems to be little justification for including chapters on signal 
flow graphs, sampled-data systems and standard methods of 
non-linear system analysis and synthesis. However, there is a 
useful chapter on the identification of process dynamics, and 
an interesting chapter at the end of the section on non-linear 
systems. The last section is rather disjointed, and little justifi- 
cation is given for its inclusion in a book on adaptive control. 
There are chapters on digital techniques, theory of games, 
decision theory, analysis of queueing systems, and finally, a 
few words on multi-stage decision processes. 

The book is very readable and is physically well produced. 
On the other hand, a much shorter book. which concentrated 


wholely on the subject of adaptive control, would have been 


more acceptable. A. P. ROBERTS 


Mechanicals 


Proceedings of the Symposium on Recent Mechanical Engi- 
neering Developments in Automatic Control. London, 5th-7th 


January 1960. The Institution of Mechanical Engineers. 1960. 
227 pp. 


A thorough report is given of an ambitious undertaking. The 
symposium was of the type that can be brought off only once 
every few years, and the proceedings do it justice. Being highly 
oriented toward mechanical engineering, the program was 
strongly flavoured with systems involving hydraulic and pneu- 
matic components. The electrical aspects of control were dealt 
with rather lightly in the papers on electromechanical and 


electrohydraulic control systems. In addition to providing a 
sounding board for new ideas and developments, the sym- 
posium also played a vital educational role for a large number 
of British mechanical engineers who had received little or no 
formal exposure to control-system concepts in their college or 
university work. It was evident that most of the papers had 
been carefully selected and that a balance had been achieved 
between research, development, and commercial applications. 
The opening session featured the James Clayton Lecture, by 
Dr John A. Hrones of Case Institute of Technology, which 
reviewed the major developments in automatic control, exposed 
the major concepts involved, and stressed the importance of 
research and design to the accomplishment of major goals in 
this field. Session 2, ‘ Techniques and and Components ’, con- 
sisted of six papers dealing with various aspects of hydraulic 
and pneumatic control. Session 3, ‘Systems and Applications ’, 
dealt with industrial and military control systems, including 
two papers on what might be called ‘ automation * (automobiles 
and food cans). Session 4, ‘General Papers’, dealt with more 
general, overall system, problems, and included a paper on 
human operator characteristics, papers stressing the role of 
analogue computers in design and development, and the role 
of the ‘control specialist’ in industry. 

As an educator in the field of mechanical engineering*, I 
would have liked to see broader coverage in such a symposium. 
I felt that there should have been more papers dealing with 
electromechanical components. Very little was said, except in 
one or two discussions, about the important problems of 
instrumentation. The role of digital computers in control 
would have been a valuable topic for this audience as would 
papers on process control (perhaps the Chemical Engineers’ 
domain in Great Britain) and thermodynamic elements such 
as heat exchangers and energy converters (there was one paper 
dealing with gas-turbine-driven alternators and hot gas 
generators). J. LOWEN SHEARER 


Solid-state 


Electronic processes in solids by P. R. Aigrain, Roland J. 
Coelho and Gianni Ascarelli. John Wiley & Sons. 1960. 67 pp. 
£1 12s 


For some years the Technology Press of the Massachusetts 
Institute of Technology have published research studies larger 
in scope than a journal article, but less ambitious than a 
finished book. The present contribution is the seventh mono- 
graph to appear and is based on a series of eight lectures 
given in May, 1957, by Professor Aigrain when he was a 
Visiting Professor at M.I.T., but the scope of the original 
lectures has been modified by Drs Coelho and Ascarelli to 
make the material understandable to any reader possessing a 
fair background in calculus and elementary wave mechanics. 

The main objective of the book is to present the physical 
background which is needed for the study of electric conduc- 
tion phenomena in crystals. Band theory and transport theory 
in covalent semiconductors are presented on ‘a level inter- 
mediate between that of the detailed original work and that of 
elementary treatments. The major assumptions are discussed 
in some detail, but the mathematical developments have only 
been indicated and not worked out in full. The rather new 
thermodynamic approach to transport theory and a unique 
treatment of ‘ hot electron’ problems is given, and will interest 
physicists and those concerned with the practical applications 
of semiconductor devices. 

The book is well printed and illustrated and will appeal to 
students interested in solid-state physics. DENIS TAYLOR 


* Prof. Shearer (one of Control’s special correspondents in the U.S.A.—see Look 
at America, p. 116) is at Massachusetts Institute of Technology.—eprToR 
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